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CHAPTEK I. 



IHE GENERATION OF CUEEENT AND POTENTIAL 
IN DEUM AEMATUEE WINDING. 

As it is well, before considering practice, to understand 
theory, it is our purpose in this preliminary chapter to inves- 
tigate the elementary theory of " drum winding." We may 
thus ascertain exactly in what manner the current and its 
potential are generated, and the " torque " set up. What is 
meant by this latter term may also be made clear, and cer- 
tain points that are inherent with this effect may be touched 
upon. By the enunciation and application of known laws we 
shall also find that all these phenomena, under stated condi- 
tions, are but the natural results of such laws. We can then 
in subsequent chapters proceed to consider various methods 
in which theory has been put into practice ; while some of the 
more complicated d^ail of theory, from its technical nature, 
we will leave for discussion till we have reached that more 
advanced stage. 

Our attention may, however, first be engaged in briefly 
considering what are the more essential advantages that this 
method of laying the conductors on an armature possesses over 
the Gramme winding it is now to so great an extent super- 
seding. Some of these are more or less obvious. It offers the 
whole area within the limits of the periphery and ends of the 
drum for the passage of lines of magnetic induction, as com- 
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Z DBUM ABMATUBE WINDING. 

pared with the portion only of this total area offered by the 
Gramme ring type. Thus, other things being equal, for any 
given length and diameter of core, the drum will give the 
larger output ; and conversely, for any given output, the drum 
armature, and with it the whole machine, can be made smaller, 
and so cost less than the other type. A greater radial depth 
of iron also can be got into the core, still further favouring 
the passage of lines of magnetic induction — a point of great 
moment. Economy in copper is also promoted, inasmuch a& 
there is less length of conductor, as compared with the 
Gramme type, owing to the absence of the interior parallel 
conductors that exist with the latter. This consideration is, 
however, much affected by design, a question it is not our 
present object to discuss. 

The accompanying diagrammatic sketch (Fig. 1) represents 
in isometric perspective the drum- winding of an armature and 
commutator, but without spindle or core, except that the last 
named is indicated by two hghtly dotted circles. A winding of 
eight turns only is depicted, so that all parts may be visible, 
and the commutator is shown an abnormal distance from the 
core to avoid the complication of its covering the cross- 
connections behind it. This sketch represents in essence what 
is the more modem method of arranging the winding, par- 
ticularly for heavy currents. In the earlier drum armatures, 
such as those of Siemens and Edison, it was the custom 
to connect up the different sections, not one after the other 
in order round the periphery of the core, but variously. This 
disorder of connection had the effect of preventing the attain- 
ment of a minimum difference of potential between neighbour- 
ing commutator segments, so that sparking at the brushes was 
not diminished as much as might be. But for constructional 
reasons also it is now more customary to effect the joining up, 
as here shown, one section after another in regular order round 
the armature. 
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4 DRUM ARMATURE WINDING. 

To assist the eye in following up. the connections, the 
parallel conductor-bars are here numbered in the order of 
their connection. No. 1, for instance, is joined at the right- 
hand end to No. 2, and No. 2 at the commutator end to No. 3, 
and so on, till No. 16 is united at the commutator end to No. 
1 again. The bars with odd numbers alone, it will be observed, 
are extended to the commutator lugs. Each odd-numbered 
bar, and an even-numbered bar nearly opposite, with their end 
<5onnections, form a section of one turn, the end of each section 
heing joined up behind the commutator to the neighbouring 
•odd-numbered bar, and not to its own. An endless circuit is 
thus formed round the armature, connected up at eight dif- 
ferent points, corresponding to the eight sections, to eight 
several insulated commutator segments. Sometimes two turns 
per section are put in ; only this, with conductors for heavy 
currents, involves a double series of end connections, which, 
according to design, may add considerably to the total length 
of the armature and increase the percentage of inactive 
copper — that is, of copper not actually cutting lines of force, 
and so not producing current or potential. 

Now this latter reflection is by no means without import- 
ance. For it bears on all copper that may project at either 
end beyond the core. This subject may in fact well receive 
some attention, though it will be out of place here more than 
just to touch on it. Thus in the illustrations herewith, we 
have simple armature coils shown revolving in fields, the coil 
in Fig. 2 being short, and that in Fig. 8 long. Now it might 
be supposed that the coil in Fig. 8, with its extra length, 
whereby it might enclose more lines of force than that in 
Fig. 2, would be preferable to the latter. This argument 
would have some weight if there were no iron core in the 
armature. But with such a core it will not hold good. 
Figs. 4 and 5 will make this clear, which are sectional plans 
through the field, but without coils. A core is shown in 
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Fig. 4. The dotted lines / represent lines of force crossing 
from the one pole to the other. It will now be noted that 
with a core present, the lines / outside the field proper are 
few and sparse, at least as compared with the vast number 
that will crowd through the core. In Fig. 5, owing to the 
absence of a core, the total number of lines will be small; 
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but the number outside at / will be much greater in propor- 
tion to the whole than would be the case in Fig. 4. Hence 
there might be some justification in Fig. 5 for a long coil. 
But, returning to Fig. 3, while in the parts of the coil lettered 
c and d a few stray lines of force might be enclosed, there 
would be practically none at all caught out at a and 6. Now 
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V DBUM ABMATURE WINDING. 

it SO happens as a matter of fact, that owing to construc- 
tional reasons, which will be touched on in future chapters, 
the few lines at c and d usually are caught. At the same 
time the very small gain thus accruing would not by any 
means justify the expense of deliberate enlargement of parts 
for the purpose. It will thus be seen that, conversely, it 
is distinctly desirable, on the ground of expense, to keep 
the amount of copper at the ends of the armature as small 
as possible. 

For many turns per section of wire winding, it may be 
necessary to resort to the Siemens' or other methods of carry- 
ing the wire round the ends. These, however, will be dealt 
with in subsequent chapters. 

Reverting to Fig. 1, the coils are represented as revolving 
in a field between two pole-pieces, shown by the heavy dotted 
lines, the back one of which is south and the front north, as 
indicated by the large S and N, and turning in the direction 
of the curved arrow. The lines of force will, therefore, be 
going from the front towards the back, though with a normal 
distribution more dense toward the top and bottom, where the 
poles are closer, than in the middle. This latter inequality, 
however, is of course much modified by the iron of the core. 
Each section of the winding will form a loop or circuit 
revolving in this field ; and when in a vertical position, such 
as nearly occupied by section 1 — 16, will enclose a maximum 
number of lines, as compared with none at all when lying 
horizontal. Revolving in this field, an electromotive force 
will be generated in the conductors. 

First, then, to consider the direction of the current. We 
know that, according to the law discovered by Faraday, when a 
circuit revolves in a field such as here represented, the direction 
of the current will depend on two things. These are, first, 
according to which side of the loop the lines of force enter, and, 
second, as to whether, during the revolution, the number of 
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these lines is increasing or diminishing. If the loop revolves so 
that when the lines are diminishing in number they enter on 
the side towards which the top bar approaches, then, as viewed 
from this side, the current will run from left to right in the 
top bar, and round again from right to left in the lower ban 
This is the condition in our illustration, where the point of 
Tiew, N, is at the front. 

Now, it is obvious that during one revolution there are four 
<lififerent times when the conditions change. The circle of the 
revolution of the armature may be divided into four quadrants, 
defined approximately by the vertical and horizontal centre 
lines. The four times of change are thus those instants in 
which any bar of a section passes successively from each of 
these quadrants to the next. There is a difference, however, 
between the conditions at two of these instants as compared 
with the other two. When a given bar at the top passes from 
a quadrant on one side of the vertical to that on the other side 
and back again at the bottom, only one change takes place at 
each of these two instants, namely, that the enclosed lines of 
force that were increasing in number as the bar approached 
the top (or bottom) will now be decreasing in number. But 
At the two instants when the loop is about horizontal and one 
given bar passes from an upper quadrant to the one below and 
rises again on the other side, two changes take place at each of 
these instants. Firstly, the lines of force that were decreasing 
in number to zero will now commence to increase again ; and 
secondly, whereas the lines had been entering the loop on the 
one side, they will now commence to enter on the other side. 
It hence arises that when passing the vertical position, where 
there is only one change of condition, this change reverses 
the direction of the current round the section ; but when 
passing the horizontal position the one change from excluding 
to including lines of force is simultaneously cancelled by these 
Jines commencing to enter on the other side of the loop; 
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fience the current is not reversed at these latter two instants* 
The aggregate result, therefore, is that the current is reversed 
only as each section passes the vertical (approximately), and 
is always running from right to left on one side of the^ 
armature, and from left to right on the other side. Thus^ 
in our sketch, the direction of the current is to the right,, 
in front, and to the left at the back, as indicated by- 
small arrows, while those sections which are nearly vertical, 
namely, 1 — 16 and 9 — 8, are neutral. This approximately 
vertical plane is, of course, what is known as the plane of 
commutation, though we shall refer to this again at a^ 
subsequent period. 

We have dealt so far with the direction of the current 
merely. We have now, however, to consider the rise of 
the "electromotive force," or **E.M.F.," or " potential," as 
it is variously termed, and without which there would be no- 
current. This, as is well known, is proportionate to th» 
maximum number of lines of force, or magnetic induction^ 
passing through the section, or loop, and the speed of the 
revolutions. The field may be small and intense, or largft 
and weak. Regarded more intimately as to the speed, the- 
potential varies according to the rate at which the magnetic^ 
lines are included or excluded by the section. Now, as in the* 
case before us, when these lines run horizontally, it is palpable- 
that when the section is about vertical, the rate at which it is 
including or excluding lines is scarcely more than nominal, as: 
the revolution through a small arc at the top or bottom makes^ 
little difference in this respect. Hence the E.M.F. generated 
here passes through zero value. When nearly or about hori- 
zontal, the reverse is the case, as the section is in the most< 
advantageous position for this purpose, and excludes and 
includes the lines as it respectively approaches and leaves the 
horizontal at its maximum r«<^. Hence the maximum E.M.F. 
is gathered when the sections are about horizontal ; but; 
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GENERATION OF CURRENT AND POTENTIAL. 9 

potential is also being generated in the intermediate sections 
between the horizontal and vertical. Theoretically, the 
E.M.F. generated in any one of these varies not with the 
angle but with the sine of the angle which its plane makes 
with the vertical plane; or, in other words, varies directly 
with the horizontal distance of its bars from the central 
vertical plane, similarly as the number of magnetic lines en- 
closed varies with the vertical distance of the bars from the 
horizontal plane. It must be clearly understood that the fore- 
going refers only to the generation of the potential in each 
several section, as the potential that may actually exist in 
any section at any instant may be very different from that 
which it is itself at that instant generating. 

We may now consider the course of the current round 
the winding, together with its accumulation of E.M.F. , and 
its delivery to and return from the outer circuit. Eeferring 
to our sketch, Fig. 1, it will be observed that the brushes 
touch on the segments of the commutator connected to 
bars 1 and 9. To commence with bar No. 1, we immediately 
remark that this, being in connection with the upper brush, 
and the current in it running from left to right, the current 
from the outer circuit will here be entering, and the upper 
brush will be the negative brush of the machine. In this 
bar 1 there will be the minimum potential, and from its 
approximately vertical position it can generate practically 
none. The current running to the right passes across the 
end to bar 2, thence to the left and across again to bar 3, 
accumulating E.M.F., and so through sections 4 — 5, 5 — 6, 
where it practically gets its greatest amount of E.M.F., 
through 7 — 8, and to the left-hand end of bar 9. This latter 
being connected to the segment whereon the lower brush 
makes contact, the current will here pass to the outer circuit, 
and this brush will form the positive pole of the machine. 
But the total current and potential diiference here, it will be 
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10 DRUM ABMATURE WINDING. 

observed, are what has been accumulated in the sections 
represented by bars 8, 5 and 7 only ; and these form but half 
the winding, not reckoning neutral sections. We have now 
to account for the other half. Returning to bar 1 again, this, 
with bar 16, forms a section about vertical, and consequently 
neutral. The right-hand end of the latter bar (16), however, 
is connected across to bar 15 on the further side, where the 
current is in all cases running from right to left. Hence, 
whereas one-half of the incoming current passed along the 
length of bar 1 and so to bar 2, the other half will cross to 
bar 16 at the commutator end, and thence into the series of 
sections 15 — 14, 13 — 12, 11 — 10, gathering potential on its 
way, on to the right-hand end of bar 9, and so to the lower 
brush, togetlier with the current entering that bar at its 
left-hand end. Thus the current, entering at the left end 
of bar 1, has two paths in parallel which it may follow 
throughout the two series of sections which alternate with one 
another round the armature to reach the positive brush ; but 
the potential accumulated in each of these series is the same. 
Hence, as when two pipes of similar diameter delivering water 
under the same head (or pressure) unite in one common pipe, 
the pressure may remain the same, but does not increase ; 
while the amount of water delivered, or the current, is 
doubled : — so the current delivered at the lower brush is 
equal to the currents of both series of sections added together, 
or twice that of one of them ; while the electromotive force is 
not doubled, but remains only such as is accumulated in 
either one of the series. Consequently, in calculating out a 
drum winding it is requisite to obtain the total area enclosed 
by the several sections of one series only, to ascertain the 
electromotive force, while the section of the bars need be but 
half that necessary to carry the whole current of the machine. 
It will be observed here, in accordance with a remark we have 
already made, how that, although there will be little or no 
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potential generated in sections 9 — 8, 9 — 10, yet the potential 
actually existing in these is the aggregate potential of the 
series to which they each belong. It may appear paradoxical 
that in the case of the second series the potential should blB 
rising on its way down the further side in bars 15, 18, 11, 
and correspondingly up the front side, in a contrary direction 
to that in which the armature revolves. But this is the way 
the current goes in this series of sections, and it naturally 
forms its ^* head," or point of highest potential, at the end 
towards which it is tending. 

We have thus far shown how the E.M.F, and current are 
induced. There are, however, some further points in this con- 
nection to be referred to. The first which may be mentioned 
is one of no little importance. It will be remembered that 
the long bars down the sides of the armature have an in- 
creasing potential in their order from top to bottom ; con- 
sequently and inversely, their respective short bars opposite 
iave a potential increasing from bottom to top. It follows 
that in all cases where the sections are about horizontal, the 
<5urrents in their respective parallel bars on both sides are of 
about the same potential ; but at the top the short bars of 
the high potential come alternately with the long bars of low 
potential, and vice versa at the bottom, — the differences of 
potential increasing gradually from the sides toward the top 
and bottom, till at these latter points bars of maximum and 
minimum potential are lying adjacent. This constitutes an 
inherent evil of drum winding which cannot be eliminated. 
Another point to which attention may be drawn concerns the 
brushes. Should these be slipped round so as to come on the 
segments of the commutator 7 and 15, instead of 9 and 1, it 
might appear at first sight as though the current would be 
reversed in the outer circuit. But it would not be so, as the 
current would be reversed in bars 8 and 7 and 16 and 16 
instead. In other words, the sections to which bars 7 and 15 
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belong would for the time become neutral, and the current 
continue to flow out at the lower brush, inasmuch as the 
pressure or potential in 7 is higher than that in 16. But 
a^, according to the principle already enunciated, whereby 
the highest potential must be at the bottom of the vertical 
plane of commutation, the effect of moving the lower brush 
on to 7 is simply to take it from a place of higher potential 
to that of a lower, with the further effect of reducing the 
potential of the outer circuit in proportion. 

We have, when mentioning the plane of commutation, 
alluded to this as only approximately vertical. It is in this 
connection that the polarisation of the iron core of the drum 
may now be considered. According to Ampere's well-known 
rule, the direction of the current round the horizontal sections 
of the winding will induce a north pole at the top of the core 
and a south pole at the bottom. With regard to the sections^ 
more nearly vertical, we may assume the plane of commutation 
to be exactly vertical, and so the bars 1 and 9 in our illustra- 
tion to be exactly at the top and bottom respectively. We 
then observe that section 10 — 9 tends to produce a north 
pole on the funher side of the core, while section 15 — 1& 
tends to produce a north pole on the front side ; hence these 
two tendencies counteract each other. Intermediate sections, 
however, such as 11 — 10, 16 — 14, will tend to produce a 
north pole, the one on the further side of the top and the 
other on the nearer side. Hence the ultimate result will be a 
broadening of the poles at the top and bottom. This polarity, 
with poles in the plane of commutation, is known as the 
** self excitation " of the armature. In respect of the field, 
however, it is called ** cross induction." But we shall enlarge 
on this in a later chapter. The effect of the magnets between 
whose pole-pieces the armature revolves is to induce poles 
at the sides of the armature, a north pole on the further side- 
and a south pole on the front, at right angles to the self- 
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polarisation of the armature. Experience has shown that it 
is desirable to magnify this effect, and to make the enclosing 
magnets so powerful that they shall almost entirely overcome 
the self -polarisation of the armature. Hence ultimately, by a 
compromise, the north pole of the core becomes located a 
little above the horizontal on the further side next the S 
pole-piece, and the south pole of the core a little below the 
horizontal on the front side opposed to the N pole-piece. 
A plane joining these two poles will form a centre plane of 
the lines of force of the field passing through the core ; and 
the tilting of this plane represents what is termed the 
** distortion of the field.'* The joint centre plane of the 
ultimate polarisation of the core and the field being thus 
a little tilted, the plane of commutation, which, as already 
explained, must be normal to the field, becomes tilted also, 
determining the lead of the brushes. That is, the plane of 
commutation becomes tilted, not as a direct result of the 
tilting of the self- excited polarity of the armature, but because 
of the tilting or distortion of the field. 

A remaining point for discussion in this present chapter 
is the torque. By this is meant the tangential pull on 
the armature tending to prevent its rotation, and requiring 
power to overcome it. In the case of a motor it is the 
turning moment by virtue of which it revolves, and performs 
work. 

Now this torque is the result of the attraction between the 
self -excited poles of the armature and the poles of the field 
magnets. For, apart from the polarity of the core caused by 
the armature coils, there would be no torque. The polarity 
of the core induced by the magnet poles has no tendency to 
produce torque, as the strains thereby set up are in a line 
with a diameter through the core; and the magnet poles 
have, in fact, no joint tendency to move, or prevent the 
motion of, the armature in any manner, inasmuch as the 
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opposing poles attract it equally in opposite directions. It 
may be said that the torque is an effect of the contest between 
the polarity of the core induced by the magnets and that 
caused by the armature coils, whereof the result is that they 
amalgamate, as already intimated. And the extent to which, 
in their amalgamation in any given case, the self-polarity of 
the armature distorts the polarity induced by the magnets, is 
the measure of the torque. 

In different cases, however, with any given torque, the 
distortion may be large in some and less in others. The 
strength of the self-polarisation of the armature depends on 
the total amount of current traversing its coils ; while the 
strength of the polarity induced by the magnets depends, of 
course, on the strength of the magnets. Hence, in one case 
the armature self-excitation, due to a large amount of current 
in its coils, may be stronger in proportion to the field than in 
another where the total armature current may be less in pro- 
portion ; and the distortion in the former will be more than 
that in the latter, and the brushes require more lead. In any 
one case, however, the torque may be increased by increasing 
the armature current, when the distortion will also become 
greater ; or it may be increased by strengthening the mag- 
nets, which will decrease the distortion. In the latter case 
there will thus be the paradoxical result that with more torque 
there will be less distortion. 

But, though the armature revolves, its poles do not go 
round with it. This may seem difficult to understand, and 
may be explained as follows. It will be borne in mind that 
the polarising effect of each coil is only as detailed above when 
it is in the particular position referred to. Directly any one 
coil has moved into the position previously occupied by 
another coil, it has assumed all the characteristics which the 
other coil had when in that position. The characteristics, in 
fact, appertain to the position per se only being affected by 
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those laws which govern the nature of the current as a 
whole ; and do not follow the coil in its rotation. Now this 
being so in the case of individual coils, it follows that it is 
so with all. Hence the polarising eflPect of. the whole — that 
is, the armature poles — remains stationary, though the arma- 
ture itself rotates. The reason of the persistence and con- 
tinuance of the torque will also now be the more apparent , 
inasmuch as it is obvious that, if the poles of the armature- 
continue in opposition to the poles of the field magnets in the- 
manner already shown, the mutual attraction between them, 
which forms the torque, must also remain. 

It is necessary, however, to examine this subject yet more 
closely. For, although — disregarding the effects induced by 
the field — the iron of the core becomes polarised, the coils 
themselves en inasse have a resultant polarity, apart from the 
existence of, though coincident with the polarity of, the iron 
core. That is to say, if the iron were removed, the north and 
south poles of the winding would remain just the same, in 
mid air, as it were, though reduced in strength. Hence the 
upshot is that, though the core will experience a torque on its 
own account, due to its magnetisation, yet the coils also will 
experience a torque tending to prevent their rotation, apart 
from that on the core. As a consequence — and this is the 
important point — ^whereas the torque on the core is met by 
its being firmly keyed to the shaft, provision is also needed to 
meet the torque on the coils ; and they must be so secured to 
the periphery of the core that when the latter is revolved 
they must go with it, without any possibility of circum- 
ferential creeping. 

This latter contingency, that is, the peripheral creeping 
of the conductor bars, is by no means so unknown as might 
be supposed. For especially in the case of motors, if the 
conductors are held only at the ends of the armature, as^ 
for instance, between teeth on the end plates, they will bend 
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in the middle. Binding wires wound round outside may 
prevent their flying off; but howsoever tightly they may be 
bound on, the bars may none the less creep circumferentially 
under them, unless mechanically stopped from so doing by 
means of projections from the core. 

Having thus far treated of the theory of drum winding, 
we may in the next and subsequent chapters proceed with the 
consideration of the various methods in which theory has 
been put into practice. 
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WIBE DRUM WINDING: SIEMENS. 

Various methods have been adopted from time to time by 
different inventors and makers to put drum armature winding 
into practical shape. Among the many points for considera- 
tion that occur, perhaps the most prominent is that involving 
the question as to how to take the cross-connections at the end 
of the armature round the spindle. It is thus of interest to 
observe, for one thing, in what different ways this particular 
difficulty has been surmounted, ^and ^' the end- winding," as it 
is termed, arranged. It may be true that in the case of arma- 
tures for small currents, and wound with flexible wire, this 
difficulty may not be very great. But in dealing with heavy 
currents and conductors of large section, it is different, and 
many points of mechanical construction arise for considers^ 
tion. It is with these we shall be mostly concerned in the 
course of our remarks. We may state here, parenthetically, 
that though some of the sketches that accompany this 
chapter are taken from designs actually carried out, the 
others will merely illustrate principles of design without 
pretending to be actual representations of any particular 
machines. Further, it may be added that we shall confine 
ourselves almost exclusively to armatures for two»pole 
machines. 
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Dealing for the present with wire-winding for light currents, 
we meet with the most simple and crude of all armatore 
winding in Siemens' wire wrapping. This winding consists 
fundamentally as shown in Fig. 6 ; and, supposing a single 
turn per section, in merely carrying the wire from one 
commutator segment along the periphery of the drum 
parallel with the axis, across the further end, giving it a 
slight bend to one side to get past the spindle, and so back 
again on the other side, repassing the spindle, and then 
joining it to the next commutator lug from whence it started, 
or in irregular winding to some other lug. In practice. 




Fig, 6, 

however, the wire may be carried round many times before 
being joined up to the lug of the next commutator segment 
-Each *^ section " of the winding is thus said to be composed 
of so many "turns"; and while there may thus be any 
number (within reason) of "turns per section," there are as 
many "sections" as there are segments in the commutator, 
neither more nor less. All the turns in a section may lie in 
approximately the same plane, carefully insulated from each 
other, and each section likewise from neighbouring sections, 
and from the core. There may hence b^ in a winding of this 
sort-a large total number of turns of the single wire ; and as 
the volts depend for one factor on the aggregate of the areas 
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enclosed severally within half the number of these single 
coils or turns, it will be seen that this form of winding is 
particularly suitable for small currents and a high pressure, 
for a few amperes but many volts. 

It will now become obvious that in a fully wound armature 
of this sort, especially when the wires lie in two or more 
layers on the periphery of the drum, there will be a great 
accumulation of wire at each end, giving the ends of the 
armature a more or less hemispherical shape, where the coils 
overlie each other, as shown in Fig. 7. The current courses 
round the armature in one section as many times as there 



Fig. 7. 

are turns in it, thence to a commutator segment, whence again, 

supposing the segment not to be in contact with a brush, 

to another section. Now, as each turn round the armature 

means virtually the opportunity of acquiring potential, a 

considerable difference of pressure accumulates between each 

section as a whole, and so between each commutator segment, 

rendering special care necessary as to their insulation. 

But now, instead of each section of the winding being 

composed of one long length of wire carried round many 

times, the several turns being **iii series** with one another, 

let us suppose that each 'Hum" consists of a separate wire, 

and the ** section ** a group of wires all carried round 

o2 
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together, with all their ends at one end of the section 
connected to one commutator lug, and all the other ends to 
another lug. The several " turns " would now be connected 
** in parallel.*' The current, instead of being able only to flow 
through the turns one after the other, would now flow through 
them all at once as they lie side by side, and thus would go 
only once round the core lengthways between any two seg- 
ments of the commutator. The effect will hence be noted. 
The aggregate of the areas enclosed within the several '' coils,'* 
3.S we may now term the sections, being considerably reduced, 
•other things being equal, the volts will be proportionately 
reduced ; and as the current is able to flow through all the 
wires in a coil at once, it meets with less resistance — the 
resistance depending for one thing on the sectional area of 
the conductor — and there will be a large current ; in a similar 
manner as there would be a greater flow of water under a 
given head through a large pipe than through a small one. 
We thus And, in fact, that the conditions as compared with 
the former case are reversed, and we have many amperes, 
but few volts. It will be necessary to provide a larger 
commutator; for while the number of segments remains 
imaltered, these must be of a section sufficiently large to 
carry the now heavy ' current, and of a length sufficient to 
afford room for a suitable number of brushes to take it off. 

But to return once more to the former case of many turns 
per section, we may consider briefly some of the merits and 
demerits of this particular form of winding apart from its 
adaptability for heavy currents. As is well known, and fully 
explained in Chapter I., the current in its course through the 
armature winding pursues two paths from brush to brush ; 
in fact, as it might, supposing it were possible to remove the 
core, and pull the wire all out into one large circular loop 
with the brushes on the opposite ends of a diameter, when 
the current would be able to flow along both sides of the 
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loop from one brash to the other. Now, with too great a 
density of current, the conductors are liable to heat. Let 
us consider this point. Take the case of two pipes conveying 
water, one, say, 4in. diameter bore and the other 2in., and 
let us imagine the same delivery through each. Now, as 
the sectional areas of the two bores — or, in other words, of 
the fluid cylinders in each— will vary with the square of 
their diameters, it follows that the velocity of the water in 
the small pipe will be 2^ = 4 times the velocity in the large 
pipe. Confining ourselves to slow velocities (as with high 
velocities the analogy will not hold good, for hydraulic 
reasons), and imagining a long length of piping, we find 
that besides there being in the first place the necessity of four 
times the head or pressure to produce the higher velocity in 
the small pipe, there will be a still further increase of 
head necessary in the case of the small pipe, on account of 
the increased friction between the water and the internal skin 
of the pipe due to the higher pressure. Thus the point to be 
noted is, that in this small pipe, as compared with the large, 
we find there is a waste of energy incurred due to this 
friction. If this be carried to an extreme, and an attempt be 
made to still further increase the delivery, the small pipe may 
end by bursting. Now, returning to our electric conductors, 
we find this analogy holds good. If it is attempted to force 
more than a certain quantity of electricity per unit of time 
through a given size of conductor, there will be similar waste 
of energy ; only, in the case of the electric current, this 
will show itself by the rise of temperature of the conductor ; 
and this waste energy, in the form of heat, wiU be dissipated 
by radiation or convection. As the heating of the conductor 
will decrease its conductivity, there wiU likewise need to be 
a corresponding increase of pressure or potential. Similarly, 
also, if matters be carried to an extreme, and it be attempted 
to make the wire carry an undue amount of current, the 
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wire will simply melt, or even burst, with a sudden increase 
of current, owing to the inside of the wire melting before 
the outside, and thus expanding quicker. 

Now, an accident that is liable to happen to a dynamo is 
what is known as a ** short-circuit." The current from the 
machine under ordinary circumstances has open to it a course 
only through an outer circuit, of lamps and so forth, offering 
resistance to its progress. If, by some mischance, however, 
such as a wire or piece of metal falling across the positive and 
negative terminals of the switchboard, connecting them elec- 
trically, a much easier way of getting from the one terminal 
to the other will be open to the current, instead of its having 
to go through all the circuit with the lamps ; in other words, 
the resistance of the outer circuit will be practically eliminated. 
There will be a rush of current which the armature will not 
be able to withstand. The armature winding will heat, and 
may get red hot, and perhaps even melt. The insulation is 
destroyed, and metallic connections thereby set up which are 
Sfttal to the proper action of the machine. The result of a 
bad short-circuit is, therefore, that the armature is rendered 
useless, though often oply one or two or a few of the sections 
are burnt, the remainder being uninjured. 

Recalling our attention now once more to the wire-wrapped 
drum armature, from which we may seem to have wandered, it 
will at once be obvious that with the overlay of the wrapping 
at the hemispherical ends, to renew a few burnt sections, 
especially if these should be among the innermost, the whole 
must be unwound, involving expense and trouble. This is thus 
one of the principal drawbacks of this form of drum-winding, 
though not altogether peculiar to it. Another drawback lies in 
the fact that it is not possible, with this form of end winding 
and so much crossing of the wires, to prevent the close 
proximity of wires of high and low potential. Hence especial 
care is necessary as to insulation. Again, the combined heat* 
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in^ of the wires at the ends where they lie in such a mass is 
hoj so easy to prevent, or to mitigate by ventilation, as when 
arranged differently. It has its merits, however. Each 
section of the winding, of howsoever many turns, is whole 
throughout its length, without joints, which involve labour 
and expense to make, and form possible sources of resistance. 
It is in some respects easy of construction, dealing only with 
flexible wire. The fact also of its allowing of many turns 
per section as compared with most other windings, gives it 
a distinct advantage for obtaining high volts out of a small 
machine without the necessity of an inconveniently high 
speed — ^when a small current only is required. This point 
may indeed, perhaps, be considered as its most valuable 
feature. 
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CHAPTER III. 



HEAVY WINDING : DIFFICULTIES AND PRE- 
LIMINARY CONSIDERATIONS. 

We may now, however, proceed to the consideration of arma- 
tures wound not only for high volts, bat also for a heavy cor* 
rent. The chief difference between these and those we have 
discnssed is that the conductors must be of a much lai^er 
section than that of mere wires, and will, in &ct, become 
'' bars " rather than wires. Before going on to describe any 
particular heavy current winding, however, it may be advan* 
tageous, perhaps, first to consider some of the points that 
have to be borne in mind when getting out the design of such 
a winding. These naturally fall under the heads of efficiency^ 
economy, and practicality. The question of efficiency, how* 
ever, in this connection, is mostly disposed of in the funda* 
mental calculations of the machine. Granting, then, that the 
sections of all the conductors are of sufficient size to carry the 
intended current without undue heating, it is a matter of 
contrivance so to arrange these on the armature that while 
the greatest economy in labour and material is aimed at, 
efficiency shall not be sacrificed. It thus becomes an object 
in designing an end winding, while retaining the necessary 
cross section, to aim, for economy's sake, at a minimum total, 
length of copper. Compactness is also required, so that the 
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winding may project the smallest amount possible beyond the 
ends of the core. As these parts of the winding generate no 
current, there is no object in their enlargement ; while com- 
pactness assists not only economy in the copper itself, but also, 
by keeping down the total length of the armature, the total 
length of the machine as a whole is kept down, together with 
its weight, first cost, and floor space, minimum floor space 
being frequently a desideratum, especially on board ship. But 
T^hile aiming at compactness, ventilation must not be for- 
gotten, especially in the case of large machines, though there 
are makers who do not attach the importance to this point 
that others, probably the majority, attach to it. Again, it is 
well to have as few joints as possible in the coils; as these, 
depending on the human factor for their perfection, may be 
faulty, and so cause resistance. The extra labour and expense 
incurred in making them must, moreover, be remembered. 
An armature should not be too complicated, so that its con- 
struction may be comparatively easy and straightforward ; and 
^11 joints should be accessible. Labour is thus economised ; 
besides, by avoiding work that is at all " fidgety," dependence 
on a few special men who may acquire the particular aptitude 
necessary, and whose services may be lost in a strike or other- 
wise, is avoided. With this last desideratum is in some 
degree involved another point of importance, which is, that 
parts burnt or otherwise damaged may either be removed and 
replaced with facility, or else that the whole winding should 
be capable of being easily dismounted and put together again 
for the same purpose. The conductors, as explained in Chap. I. 
{pp. 16, 16), require to be well held on by steel wire wound 
round in bands outside, circumferential slipping being still 
further prevented by projections from the core and end plates. 
For it will be borne in mind, that by virtue of the work done 
in driving the armature, the parallel conductor bars are 
subjected to a magnetic drag or torique tending to hold them 
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back from revolving with the core and spindle ; and this drag 
is no light matter : hence the necessity of fixing the coils well* 
To this magnetic drag is added the centrifugal force tending 
to make the coils fly off altogether. 

There are, however, still some two or three other points 
that require attention. Of these, one is the question of a true 
balance. It is necessary to put on the winding and form up 
the ends with such symmetry that the centre of gravity of the 
whole armature when complete shall be in the axis of the 
spindle, and not outside. Now, in ordinary practice, the 
armature, when finished, is tested for balance by being rolled 
with its spindle at each end resting on two horizontal <' knife-* 
^dges.** If the centre of gravity of the whole be in the axis, 
it will rest in any position ; but if not in the axis, the armature 
will then roll, oscillating backwards and forwards till it rests 
with the heavy side downwards, when extra weight must be 
soldered or otherwise be attached to the light sidd till a balance 
be attained. But it has to be noted that this is not really a 
true test. It is a question whether or not armatures are 
sometimes made having the centres of gravity of their two 
«nds, taken separately, not in the axis, though equi-distant on 
opposite sides of it. A fault of this nature would not show on 
the knife-edges. But when revolving rapidly, there would be 
A tendency in an armature thus faulty for its axis to gyrate 
round the true axis of revolution in two cones, one at each 
•end, having their apices united at a point within the true 
axis somewhere between the two misplaced centres of gravity. 
Hence a greater or less tendency to vibrate will still exist, 
though the armature might show a perfect balance on the 
knife-edges. This kind of error might, perhaps, be detected 
by mounting the armature within a magnetic field, on bearings 
supported on flexible standards, or, better still, on bearings 
slung from adjustable springs, and then, with brushes lightly 
touching the commutators, revolve it as a motor. If the 
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Imlance be true, with the centre of gravity of each end within 
the axis, the armature, when rotating at a tolerable speed, 
would evince a tendency to maintain a constant and steady 
axis in any one position, lik^ a gyroscope. But if the balance 
be out of truth in the particular manner under discussion, a 
decided desire to " wobble " would show itself. 

Another reason, however, for being careful as to symmetry, 
is to secure the perfect roundness of the exterior circumference 
of the completed winding, with its centre within the shaft axis* 
The clearance between the armature and pole-pieces may thus* 
be kept to a minimum. Further, by attaining exact similarity 
with all the coils, in length, section, shape, and position, their 
resistance and self-induction will also be similar, tending to a 
steady current and an absence of sparking. 

A remaining, and very important point, however, that 
arises, especially in connection with heavy-current windings, 
is the liability of the conductor bars to heat by reason of 
^^Foucault" or '<eddy" currents generated within them in- 
dividually, apart from the main current. These we may ex* 
plain : In some kinds of dynamos other than those with drum 
or Gramme armature — such, for instance, as those used for 
alternating currents — the coils, instead of being revolved in a 
field, are translated across a field edgeways. In other words, 
the coil is so placed that its plane is perpendicular to the lines 
of force of the field ; being still kept in this plane, it is moved 
across the lines of force, and so cuts them. A current is thus 
set up in the coil. Now, if instead of a flat coil, a flat metal 
plate were used, and were made to cut through the field edge^ 
ways in a similar manner, a current would be caused to circu- 
late in the plate in a plane perpendicular to the lines of force, 
l^s, indeed, being much the principle of Faraday's first disc 
dynamo. If the plate were turned so that its plane were 
parallel with the lines of magnetic induction, and then moved, 
through them, no current, comparatively speaking, would be. 
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generated within it. This point is important. Now if, again^ 
instead of the plate, a single metal bar be moved sideways 
tkcross the field in a plane normal to the lines of induction, 
a current will arise within the bar; and this current will 
circulate within the bar in planes perpendicular to the lines of 
force, running along one of the sides parallel with these lines 
and returning by the other. Thus it is obvious that as a current 
Tdll produce heat, if the experiment with either the coil, the 
plate, or the bar, be carried out to any great extent, and they 
be moved rapidly and continuously through a sufficiently 
strong field, they may be made red hot ; and the fact remains 
that if a single insulated bar be laid along the periphery of an 
armature parallel with its axis of rotation, or held in a frame, 
and then revolved in an ordinary magnetic field, such as used 
for drum or Gramme dynamos, it will get hot from these 
internal currents alone. 

But in dealing with large " bars," however, there may also 
be borne in mind their capability of cooling as compared 
with wire, or bars of small section. It will be noted that 
whereas' the transverse sectional area of a bar increases with 
the square of its diameter if round, or as the square of the side 
if of square section, the circumference or outer surface in- 
creases only in proportion to its diameter or thickness. 
Now, capability of cooHng, whether by radiation or convection, 
varies with the surface. Hence, a bar, say six times the 
thickness of a small bar or wire of round or square section, 
while it will have 6^ = 86 times the sectional area of the 
smaller, and so may carry about 86 times the current, has only 
six times the cooling surface. Hence, large bars as compared 
with small ones, besides being heated by the main current and 
by eddy currents, are still further handicapped, so to speak, by 
their greater difficulty in cooling. The eddy currents in i^dres, 
it may be mentioned, are so trifling as to be negligible. In 
ordinary drum or Gramme- wound dynamos, where the field 
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is bored concentric with the axis of the armature, these 
Foucault currents arise principally, if not entirely, when the 
bars pass under the trailing horns of the pole-pieces, where 
the induction lines are particularly dense. By ** trailing " 
horn is meant the last horn of a pole-piece which the 
bars leave or recede from as they revolve. The prevention 
of these internal eddy currents will form part of the subject 
of our next chapter. 
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HEAVY WINDING : PREVENTION OF FOUCAULT 
CURRENTS, AND VENTILATION. 

The methods for the prevention of Foucault currents majr 
be divided under two heads. Under the first, the difficulty is 
met by removing the principal cause of the evil : under the- 
second, the cause remains, but its effects are prevented from 
occurring by some counter-arrangement. 

The plan adopted by Messrs. Mather and Piatt comes under 
the first head. They avoid the difficulty by making the air 
space between the armature and the pole-pieces greater as it 
nears the horns either way, as shown in Fig. 8. Thus the 
principal cause of the heating is removed, inasmuch as the- 
magnetic induction does not get so intense at the horns as it* 
is wont to do when the air space is of even thickness. 

But it is under the second head that we may look for the 
most variety. The eddy currents may be prevented by so 
making or arranging the bars that a current cannot circulate- 
within them. One method, instead of making the bar of one 
soUd piece, is to compound it of several insulated wires or 
strips, in such manner that there shall be no internal circuit* 
open to the current. Thus, Messrs. Siemens Brothers make- 
their conductor bars of stranded copper wire cable, each wire 
separately insulated by varnish, and the whole brought into* 
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a rectangular section by hydraulic pressure, or by drawing 
through a die, or otherwise. As the Foucault currents will 
only circulate in an unbroken circuit lying in a plane normal 
to the lines of force, as already explained, it will be seen that 
no such circuit is open in the cable arrangement: conse» 
quently, the currents are not set up. 

Another method, somewhat similar, is to make the bar of 
insulated wires laid parallel, and soldered together at the ends 
so as to form a compound bar of rectangular section, to give 
the bar a half twist in the middle, and then to press or 




Fig. 8. 

hammer the twisted portion in an iron mould, so as to bring 
it to the same section as, and alignment with, the untwisted 
portions of the length. 

Yet another method is to make the bar of insulated copper 
strips or tape laid edgeways on the core in radial planes, and 
soldered together at the ends. The strips, thus laid, being in 
planes, for the most part approximately parallel to the lines 
of force they cut, will not, as we have already pointed out, be 
individually appreciably liable to eddy currents. But as they 
are in metallic connection at the ends, an internal circmt is 
open along the side strips and across both ends, which must 
he broken. Hence, this kind of ba»r also needs a half twist in 
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the middle, and to be hammered in a mould, like the last. 
By means of the half twist, the current coursing along one 
side of the bar in each separate wire or strip is at the twist 
conducted to the other side, where it meets an opposing 
current, and so both are neutralised. It will, of course, be 
observed with regard to the strips, that if these be laid flat on 




Fig. 9. 



^:><- 



Fia. 10. 



_z: 



zr 



Fig. 11. 
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Fig. 12. 

the periphery of the drum, eddy currents could set up in each 
one separately. 

Further methods, still similar in principle, are some 
patented by Mr. B. E. Crompton. These are illustrated, 
Figs. 9 to 12, The conductor bar here is simply made double ; 
but at the middle of its length each half is so bent that it con- 
tinues on the centre line of, and in alignment with, the other 
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half. A groove is turned in the core to receive the half loop. 
(Fig. 9.) 

As will be observed, the circulation of a current within the 
double bar is stopped by the tendencies in each half being 
opposed at the middle crossing, similarly as in those already 
described. 

Foucault currents may, however, be stopped by another 
method, included in one of Mr. James Swinburne's patents, 
by which any twist in compound bars is rendered unnecessary. 
This applies in cases where it is possible to connect up the 
component parts of two bars of a coil, separately, and in such 
a manner that the tendency to these currents in each bar shall 
oppose that in the other. This is achieved in the manner 
indicated diagrammatically in Fig. 18. The pulley end of the 
armature is here shown, and one coil, each bar of which is 
composed of four strips laid edgeways. The strips of the one 
bar must then be connected to those in the other bar, 
separately, in the manner represented. The coil is, in fact, 
split into so many parallel planes. 

To understand this, we may imagine the coil to be revolv- 
ing in the field in the direction indicated by the curved arrow. 
The upper pole-piece is north, and the lower south. The 
magnetic lines of force will be thus running from N to S, 
and will be most dense at the trailing horns, a a. As rotation 
takes place it will be seen that both bars are approaching 
dense portions of the field, and the lines of force are running 
through both bars in the same direction — that is, toward S. 
Hence, as viewed from some point in the same plane as the 
coil, on one side, but outside the armature, the eddy current 
would circulate in each bar in the same direction ; or, as seen 
from S, in the same direction as the hands of a watch. Thus, 
at the sides w and x of the two bars, the current would 
approach; while at the sides y and z it would recede, as 
indicated by the small arrows. The opposition of tiie two 
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tendencies is at once obvious. The union of the strips in 
each bar at the commutator is, of course, of no consequence. 
. The explanation can also be put in terms somewhat as 
follows : — Whereas the volts otw z may be greater or less than 
y a?, the sum of the volts oi y z will about equal the sum of 
the volts of w 07. Hence no current will flow. 
' In all cases, it may be mentioned, the bars, whether solid 
or compound, may be wound with cotton or silk tape and var- 
nish for insulation. Solid bars are sometimes left bare, in- 
sulated from one another by air gaps, and from the core by 




Willesden or Manilla paper, or other material, and varnish. 
They will, of course, be more liable to damage when left un- 
covered ; but with compound bars the tape winding is, for the 
most, parfc, necessary to maintain their shape. The varnish 
used is commonly shellac, though some makers use a 
speciality. 

The heating of the bars should be still further obviated 
by efficient ventilation, a point we have already mentioned. 
The cores of large machines are usually made hollow^ 
When revolving, the long lugs of the commutator, if there 

d2 
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are any, act as centrifugal fan blades, and draw air 
through the hollow between the interior of the core and 
the spindle, and so assist to keep down the temperature. 
Some makers leave gaps in the core along its length, sa 
that air from the interior may fly outwards, and help to keep 
cool, not only the core, but also the conductor bars on the 
periphery, and the pole-pieces. The bars will also draw air 
round after them, and so ventilate themselves. One of the 
advantages of the Hopkinson dynamo (Fig. 8) is thus here 
illustrated, since, owing to the fact that the horns stand away 
from the armature, air is more easily drawn down between it 
and the pole-pieces, and thus can be more effective in keeping 
the bars cool than when throttled and wire-drawn, as it were, 
by the closeness of the horns to the armature. The whole 
question of ventilation is not one to be passed over as incon- 
siderable. A phenomenon showing the effect of thorough 
ventilation may be observed when a dynamo stops after a 
run. The end winding, owing to its complete exposure and 
revolving in a thorough draught, may feel cool to the hand at 
first ; but presently it will become warm, owing to the heat 
from the interior portions of the winding and armature creep- 
ing out. This shows at once how great a difference ventila- 
tion makes. It may be remarked that not only does heat 
tend to generate in the conductors, but also in the iron core 
and the pole-pieces, especially in the trailing horns of the 
latter. Hence, when it is further borne in mind that a high 
temperature reduces the conductivity of the copper, the desir- 
ability of good ventilation becomes still more obvious. In 
fact, other things being equal, a greater output is obtainable 
from a well- ventilated machine than from one not ventilated. 
When a machine is run very hot, energy is wasted in the 
dissipation of the heat, as already pointed out in an earlier 
{massage. Some makers supply auxiliary fans, or air pro- 
pellers, especially for the purpose of creating a draught 
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through a machine as it runs. But, on the other hand, 
though thorough ventilation may keep the bars cool, there is 
yet, perhaps, some degree of falsity in the theory of this 
method of procedure. Heat is abstracted, and so energy lost, 
just as when the bars are allowed to heat — though it may 
be not so much owing to the lesser resistance of the cool 
bars — beside the loss of power involved in driving a fan when 
one is used. Only by good ventilation the heat is drawn off 
more quickly, and the bars are kept cool, and at their normal 
conductivity. Hence, as already intimated, the size and 
therefore the first cost of a well- ventilated machine for a given 
output should be less than for one not ventilated. In some 
machines ventilation is further assisted by the magnets being 
formed of bars, with interstices between them, through which 
air may pass in and out of the field, A practical limit, how- 
ever, to heating is the ability of the various materials used for 
insulation to endure a high temperature without perishing or 
losing their insulating qualities. To this limit no doubt 
machines are sometimes run. 
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HEAVY WINDING. PLATE END CONNECTION. 
EDISON. 

We may now give our attention to some of the different 
methods in which heavy-current windings have been, and are, 
constructed, having special regard to the arrangement of the 
cross connections at the ends of the armature. 

It will be noted that a bar being the reverse of flexible, it can- 
not be dealt with as a mere wire. To have to bend it would 
be a matter of considerable trouble. Hence special means have 
to be adopted at the drum ends. These consist principally, 
though not in all cases, of separate lengths of metal. These 
are used to form a connection between the ends of two 
opposing bars forming the two sides of a coil, and are united 
thereto by riveting, screwing, or soldering — the latter gene- 
rally together with either of the two former. As we have 
already pointed out, in armatures for heavy currents there are 
generally only one, or, at the most, but two turns per section. 
If high volts are required, the machine must be made larger, 
or the field stronger, or the speed increased, or all three. 
Matters are thus much simplified. It is, of course, not 
mechanically impossible to have more turns per section. But 
-the extra complications involved, combined with many other 
disadvantages, render the idea in ordinary cases inadmissible. 

Among the earliest of these methods brought out is one 
patented by Edison. This is illustrated in Fig. 14, which 
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shows an end view of an armature. The rectangular black 
dots a a are the parallel conductor bar ends. Each of these 
is let into and jointed to the periphiBry of a flat radial 
insulated metal plate, as shown. The radial plates of two bar 
ends desired to be connected up, such as c and d, are then 
united by a circular bar, as shown, jointed to each, but insu- 
lated from the other bars and plates. An electrical connection 
is thus carried round from one side to the other. It will be 
understood, in accordance with some of our preliminary 
remarks, that this sketch merely represents the principles of 



Fig. 14. 

mechanical construction involved, and does not necessarily 
represent any one actual design. It is probable that the bars 
in Edison's early machines were connected up in the manner, 
though not in the order, here shown* The parallel conductors 
here are bare, and, it will be observed, are a long way apart. 
This method is practicable indeed for a winding of a few 
sections only. Though each end of the armature is thus con- 
nected up, yet at the commutator end, which is here given, 
alternate radial plates are projected further inwards than the 
remainder, as shown in solid black at hh. These projections 
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are each united to a commutator segment* Besides the draw* 
back ah*eady intimated, this end winding has the farther fault 
of not being symmetrical. Hence, a perfect balance and 
•equality of resistance in the coils become often impossible. 
Some new arrangement thus becomes desirable. 

In Figs« 15 and 16 we find the method adopted by Edison 
of placing insulated metal discs a a at each end of the 
•core, and of the same number at each end as there are 
segments in the commutator, and of the same outside 
diameter as the core. A few of the parallel bars only 



Fig. 15. 

are shown. The two bars of a coil would thus at the 
pulley end be connected to the approximately opposite edges 
of the same insulated disc, while at the commutator end 
they would be jointed to separate discs. Fig. 16 shows 
one of these discs. A hole through the middle serves for 
the passage of the spindle and for ventilation, and a tongue b 
shown across it, cut through at one end, is bent outwards 
parallel with the spindle for connection with a commutator 
segment. The four smaller holes c c are for the passage 
of insulated screws running parallel with the spindle by 
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which the whole set of discs at one end are bolted to the 
end plate of the core. 

This arrangement has the advantage of being compact, 
and has all the joints on the outside and accessible. Hence 
any burnt or damaged bars can easily be renewed singly 
without disturbing the remainder. By making ihe discs 
rather stout in proportion to the current they have to 
carry, their resistance can be kept low, and the tendency 
to heat obviated, rendering their ventilation not so necessary.. 
But they are liable to the disadvantage of having a maximum 




Fig. 16. 

difference of potential between any two that are adjacent; 
and will thus require more care as to their insulation from 
each other. A drawback, moreover, to using round discs 
is that these have to be stamped or cut out from sheet 
metal, involving waste of metal, besides extra cost in labour 
and use of machinery. It is a point as to whether or not 
this cost is counterbalanced by subsequent facility of 
construction. It will be noted that the bars are straight, 
ibnd have no bends; but in both designs, as shown in 
Pigs. 14 and 15, it will be observed that these are soUd, 
and are liable to heat with Foucault currents. 
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HEAVY WINDING. EVOLUTE END CONNECTIONS, 

CROMPTON AND SWINBURNE. ANDERSEN. 

HOPKINSON. 

The next example we may take is Messrs. Crompton 
and Swinburne's evolute end winding. This, as illustrated 
in Figs. 17 to 22, will be seen to differ entirely from 
Edison's. Fig. 17 represents an end view of the armature, 



Fig. 17. — Crompton-Swinburne Winding. End View of Armature. 

Fig. 18 a longitudinal section, and Fig. 19 an outside 
elevation, all diagrammatic, and with a very open winding 
for the sake of clearness. It will be noted that aliiernat^ 
parallel bars run the full length of the armature, and are 
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united to the commutator lugs at one end. The remaming 
bars are short, at least as to their straight portions, and we 
irill for convenience call them so. A "long" bar and a 
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Fig. 18. — Crompton-Swinbume Winding. Longitudinal Section. 

^* short " one opposite thus form the two sides of a coil. In 
Fig« 18 it will be seen that the short bars are cranked inwards 
towards the shaft, as shown at a a. ki h h are sections 




Fig. 19.— Crompton-Swinbume Winding. Outside Elevation. 

through the evolute connections formed of thin pliable 
copper strips, indicated more clearly in the end view, Fig. 17. 
As may be seen, each of these, jointed at its interior end 
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to the crank of a short bar, is carried round in an evolute 
path till it reaches the desired long bar on the approximately 
opposite side, and there is jointed to it. It will be noted^ 
how the evolute connectors lie neatly within each other, 
though in practice they fit closely, separated only by mica or 
other insulation. 

In the arrangement, however, as here shown, the cranked 
conductors, if burnt, cannot be removed without dismounting 
the whole winding, or a great part of it. Hence the 
modification shown (Fig. 20), where the crank is separately 
jointed to the tumed-up end of the " short " bar, as indicated 
at/. By unsoldering these joints/, or the joints g between 
the ''long" bars and the evolute connectors, any single 



-1^ 



Fig, 20. — Crompton-Swinbume Winding, 

parallel bar can be removed. Further, by withdrawing the 
spindle (which can be done if the core is carried on a spider, 
or otherwise self-contained apart from the spindle), the 
loose crank piece can be drawn in radially, its joint with 
the interior end of its connector unmade, when both can 
be removed singly. Thus any one, or a few sections, can 
be replaced without dismounting the remainder. The total 
number of joints is, however, increased. It wiU be noted 
that these bars are here all solid, and when single can 
only be used for small currents. For large currents the 
bars are made double, as illustrated, Figs, 9 to 12; or 
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else are compounded of twisted wires. In Fig. 21 is shown a 
modification to gain more room for the evolute connectors, 
the long bars being slightly cranked outwards. 




Fig. 21. — Crompton-Swinburne Winding. 

Thus far we have dealt with but a single turn per section. 
In Fig. 22 is shown the arrangement for two turns per 




Fig. 22. — Crompton-Swinburne Winding. 

section. It will be seen that there are two parallel series 
of evolutes ; also, the cranks are alternately long and short 
to suit. In this case the connectors may be narrower and 
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thicker than in the former arrangement ; thus in the total 
mass there will be more copper and less insulation than 
when the curved plates are thin ; and so space is economised. 
The spindle within the core is either of triangular or square 
section, with slightly rounded angles. The core is carried 
tight on the angles, its interior bore being grooved to fit 
these, and ventilation is thus allowed for along the flats. 
Sometimes a spider is used to carry the core, instead of 
its being built on the shaft direct. 




Fig. 23.— Andersen Winding. Longitudinal Section through Armature. 



Further developments of this form of evolute end winding 
.are to be found in the " Westminster '' dynamos of Messrs. 
Latimer Clark, Muirhead and Co. This firm, under the 
supervision of their electrical manager, Mr. F. V. Andersen, 
have employed conductor, bars built up of either wire or 
tape, and sometimes both kinds on one armature. Fig. 28 
shows a longitudinal section through an armature of this 
latter description. The long bars a a are of copper strips laid 
edgeways, and each strip insulated with varnish. The short 
bars h b are of wire laid parallel, each wire insulated with 
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shellac varnish, and the whole gronp cranked at both ends. 
An end thus cranked is given to a larger scale in Figs. 24 
and 25, The cranked end is splayed out, so that the wires 
embrace the inner end of an evolute strip c ; and are the 
more carefully spread over the end of the strip, that the 
soldered joint may be as large as possible, and so offer a 
minimum resistance. A transverse section through the 
conductor bars on the periphery of the drum is given 
(Fig. 26), showing their compound formation alternately of 
copper strip and wire. Each bar is insulated with varnished 



Figs. 24, 25. — Andersen Winding. Cranked Ends. 

tape. The layers a a are of Willesden or Manilla paper, 
varnished, and b is the usual exterior band of steel wire. 
The evolutes, duly insulated from each other, run from the 
inner cranks outwards to the long copper strip bars opposite, 
as in the case of the Crompton-Swinbume winding, shown 
in Fig. 17. The conductor bars are here jointed at both 
ends to other metal, and the several wires or strips in each 
are. consequently in metallic contact at each end. They need 
to have a half-twist given them in the middle, in the 
manner already referred to when discussing the- subject of 
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Poucault currents. In Fig. 28, h h are fan blades for drawing 

through the core by airways k k, of which there are three. 

In subsequent machines, however, these blades have been 

omitted, the suction caused by the commutator lugs being 



«£ 



Pio, 26.— Andersen Winding. Transverse Section through the Conductor 
Bars on the Periphery of the Drum. 

considered sufficient. The winding is held from slipping 
by a crown of teeth mm on each end plate, between which 
the cranks He. A burnt section, however, cannot be taken 
out without dismounting at least half of the winding. 



^- 



--? 
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Fig. 27. — Andersen Winding. Cranks. 

This firm has made machines with the conductors formed 
of copper tape only. As these are necessarily laid edgeways, 
and will not consequently easily bend, the cranks have to be 
formed of pieces soldered and rivetted together, in the manner 
shown in Figs. 27 and 28, the latter being a sectional plan 
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on a 6 in the former to twice the scale. For the greater 
flexibility of the evolutes c these are here made of two thin 
strips of copper, instead of one, as is shown clearly in 
Fig. 28. Althbugh this is of somewhat more simple con^ 
struction than the wire-made cranked bars, inasmuch a& 
these latter have to be carefully formed up in a mould, yet 
two extra joints are introduced. 

It will be observed that these evolute windings so far 
represented have one common advanta>ge. They are made 
entirely of rolled copper in one form or another. Hence- 
all desired lengths need but to be cut oif, with a minimum 
of waste, both in material, labour, and use of machinery. 




Fio. 28. — Andersen Winding, Sectional Plan on a 6 of Fig. 27. 

On the other hand, comparatively speaking, the subsequent, 
construction of the end winding is not exactly simple. In 
one method of procedure, the short bars have first to be 
made up separately, with cranked ends, and with the 
connectors, as yet straight, duly attached to each crank,, 
and lying in the same plane with it. These, thus far 
individually complete, are then laid in position on the: 
core, and temporarily bound on, with the connectors pro- 
jecting radially all round. By roping and so forth, all 
the connectors at one end are now forced round in a com- 
bined mass, each one naturally assuming an evolute curve, 
until the outer end of each reaches the opposite side of the 
core end to that from whence it started, as shown in Fig. 16.. 
Being held thus, and the connectors at the other end of the 
armature having been treated similarly, the long bars are 
finally added, and severally jointed up to their respective 
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connectors. Hence, by the magnitude of the operation as a 
whole, it will be seen that the first-named advantage in the 
use of rolled copper is in some measure lost. One of the 
principal points, however, in this winding, as compared with 
Edison's discs, is, that there is a minimum electric pressure 
between the evolutes. 

The evolute end windings we have thus far discussed, it 
may now be noted, have the peculiarity that each evolute 
from beginning to end is approximately half a circle. In 




Fio. 29. — Hopkinaon Winding. Longitudinal Section through an 
Armature. 

another class of evolute winding, however, each evolute is 
approximately only a quarter circle, and the crank system is 
absent. This design was first brought out by Herr Hefner 
von Alteneck, and is that adopted by Drs. J. and E. Hop- 
kinson in the manner represented in Figs. 29 to 82. Fig. 29 
is a longitudinal section through an armature wound with one 
turn per section. Fig. 80 is an end view, but showing only 
a portion of the winding for the sake of clearness. The bars, 
it will be noted, are solid, the heating being obviated in the 
manner already described, by enlarging the air space under 

b2 
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the horns of the pole-pieces (Fig. 8). The parallel conductors 
in this case also are short and long. But instead of the short 
ones being cranked at their ends, they are jointed to evolute 
strips as well as the long bars. There are thus two series of 
evolute strips side by side, as shown at a and b in the illus- 
trations. The evolutes in the one, however, run round in the 
opposite direction to those in the other, as shown in Fig. 30, 
and only cover an angle of approximately 90 degrees, in- 
stead of 180 degrees. On each commutator segment a bar 
G is screwed, which projects within the end winding in a 
direction parallel with the shaft. To this the interior end of 



Fig. 30. — Hopkinson Winding. End View of Armat'Ure. 

one connector in each series is screwed or otherwise jointed, 
thus connecting a long bar on the one side to a short one 
opposite, as, for instance, d and ^, or / and g, as shown in 
Fig. 80. Figs. 81 and 32 show this arrangement duplicated 
for a winding of two turns per section, when there are four 
series of evolutes at each end. 

The driving of the winding is effected by means of snugs 
formed in some or all of the bars themselves, which fit into 
recesses in the peripheries of the end plates and a middle disc, 
as shown at ^ A in Figs. 29 and 31. At the pulley end of the 
armature, there being no commutator bar for the strips to 
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be fastened to, an annular block of insulating material k 
(Fig. 29) is run on the shaft, and on this bars i z, parallel 
with the shaft, are screwed for the purpose. 

It will be noted that with this method of two or four series 
of evolutes, all the parallel bars are straight, without bends, 




Fig. 31. — Hopkinaon Winding. Two Turns per Section. 

and their joints being all external and accessible any can be 
removed separately. This latter advantage, however, does not 




Fig. 32. — Hopkinson Winding, Two Turns per Section. 

appear to apply to the evolutes, should any of these require 
renewal. A minimum pressure exists between adjacent 
evolutes in any one series, as with the method of Messrs. 
Crompton and Swinburne. Likewise, also, the winding is 
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symmetrical, tending to a good balance, and the separate 
sections are all the same length round, and consequently of 
the same resistance. This winding is also constructed of 
rolled copper strips. 

Instead of making these cross connectors in three pieces — 
that is, of two evolute strips united at their inner ends to one 
bar, as at c or t, Fig. 29 — a simpler plan now in vogue is to 






Fia. 33. 
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Fig. 34. 




make them each in one piece. This is illustrated above. A 
single strip of copper is first folded as shown in Pig. 88. One 
member h is then bent over into the dotted position h\ so 
that the whole appears in plan as represented in Fig 84. 
The two parts a and h will thus form the evolutes as depicted 
in Fig. 86 ; while the position c becomes radial. 
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EVOLUTE WIRE-WINDING: EICKEMEYER. 

^E now come to another winding, the end connections of 
lyhich are designed on the principle of a double series of 
■evolutes, running in opposite directions, similarly to the last 
•described. This is Eickemeyer's, of New York. Although 
like in principle to the Hefner von Alteneck method, it is in 
other respects altogether different. Each section of coil is 
•composed of wires laid together, and contains no joint in it 
from one end at one commutator lug to the other end at the 
next lug. Each section, moreover, is entirely self-contained, 
and is formed to the right shape and curvature on a mould, or 
in part on a mould, before being put on to the armature. 
Thus the coils on any armature are exactly similar, and con- 
sequently interchangeable. Here, as with the Siemens* wire 
winding, a high-pressure small current can be obtained by 
making each section of one wire carried round several times ; 
or the wires can be united in parallel, each section thus con- 
sisting of a group of wires carried round once. Or, again, a 
flection composed in the aggregate of many turns of wire may 
be made up of a group of a few wires in parallel carried a few 
times round in series. 

Figs. 36 to 39 are views of an armature fitted with a simple 
T^inding of two turns per section. Fig. 36 is an elevation 
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Fig. 87 is an ond view with the commutator removed, leaving- 
a section on line pqm Fig. 36. Fig. 38 is a plan of one coil, 
and Fig. 39 an isometric perspective view of the same. The 
portions lettered bbm Figs. 38 and 39 correspond to the outer 
parallel bars that lie on the periphery of the core on opposite 
sides of the armature. The parts c c (Fig. 38) lie across the 
ends, and correspond to the connectors. It will be observed 
in Fig. 39 that the downward angles d d are arranged to 



Fig. 36. — Eickemeyer Winding. Elevation of Armature. 

approach the shaft ; while the swelling shoulders eece on 
either side will form the evolutes right and left, as shown in. 
Fig. 37. As the current here is small, and the sections not 
numerous, the commutator is also small as compared with the 
armature. Hence, the connections / to the commutator are 
led off from one of the interior angles </. The pins aa vcl 
Figs, 36 and 37 are to drive the winding. The dotted lines 
^^ in Fig. 36 represent the exterior binding wires. In Fig. 38 
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it will be observed that one side, h, is longer than the other, 
thus, in fact, forming our ** long '* and ** short ** bars. This 
allows room for the two series of evolutes at each end of the 
armature ; also, when putting the coils on the core, the small 
side of one coil can easily be passed within the large sides of 
other coils, and so allow of their being got into position. 

In Figs. 40 and 41 an arrangement is shown of many turns 
per section for a small current of high voltage. Two coils are 



Fig. 37. — Eickemeyer Winding. End View of Armature with 
Commutator removed. 



here represented, one of them being dotted in Fig. 40, but both 
shown in full in Fig. 41. It will be seen here clearly how the 
small side of the one fits within the large side of the other, 
leaving the clearance space a a between. The wires in the 
parallel bars are laid 4x2; while in the convolute portions 
they are all eight abreast, lying in curved planes parallel with 
the shaft. The ** short *' bars, it will be observed, are here 
intended to form a complete layer by themselves on the core 
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m w, whUe the " long " bars are arranged outside. The two 
sides of a coil thus come exactly opposite, instead of only 
nearly so. As the two layers will be exposed to a maximum 




Fig. 38.— Eickemeyer Winding. Plan of a Single Coil. 




Fig. 39. — Eickemeyer Winding. Isometric Perspective View of a Single 

Coil. 

difference of potential between them, they need to be well 
insulated from each other. This insulation, and the taping 
round the bars, are omitted in the sketches for the sake of 
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clearness. In Fig. 41 the section through the bars of one coil 
is shown in solid black, b b, while through the other coil the 
wire sections are left clear circles, as shown c c. The con- 
nection to the commutator is led oflf from the middle at / 
(Fig. 40). 

In Fig. 42 this same winding is shown, but with the wires 
in each coil all united in parallel for a large current. As the 
•commutator will now need to be larger it will be more con-- 
venient to lead off the connections to it from the outside of 




Fig. 40.— Eickemeyer Winding. Several Fig. 41. — Eickemeyer 

Turns in Series per Section. Side View Winding. Several Turns iu 
•of Two Coils. Series per Section. End 

View of Two Coils. 



the coils, as shown at ^, rather than from the middle. This 
view, being a longitudinal section through the armature, also 
gives sections through the two series of evolutes at either end, 
showing clearly their mutual positions, and the air spaces a a 
l)etween them effectually insulating one from the other. The 
semi-circular portions dd are the same as those similarly 
lettered in Figs. 40 and 41, where it will be seen that they lie 
in radial planes. 
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A few words on this point of the air insulation. Our 
remarks will also apply to the Crompton and the Alteneck 
end-windings. This point, indeed, as has already been 
hinted at, constitutes one of the chief considerations of these 
special forms of end- winding. When adjacent coils are 
approximately in the plane of commutation, the ** long " bar 
of one will be in connection with the commutator segment in 
contact with one brush, and the ** long " bar of the other coil 
will similarly be [connected to the other brush. Let the 
brushes be top and bottom, and the upper one positive. Using 



Fig. 42.— Eickemeyer WindiDg. Several Turns per Section, all in parallel. 
Longitudinal Section through the Armature. 

Fig. 42 for illustration, we shall now find that the bar b is at 
its highest pressure delivering current to the brush ; while 
the bar c, being a side of the coil connected to the negative 
brush, is at a minimum pressure. Hence the two bars h 
and c are lying close together, with a maximum difference of 
pressure between them. On the other hand, as the volts only 
gradually rise in one long bar after another as they approach 
in order from the bottom to the top on both sides of the 
armature, it comes about that there is only a minimum 
pressure ever between adjacent long bars or adjacent short 
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bars. At the end of the armature, all the short bars are 
connected to the series of evolutes or radial cranks formed 
next the core ends ; while all the long bars are united to the 
outer series. Hence there is only a minimum pressure 
between adjacent connectors in the same series ; and any 
connectors proceeding from the ends of two adjacent long and 
short bars, with maximum volts between them, pass each 
into dijfferent series of evolutes, where they are effectually 
insulated by the air spaces a a between them. Thus it will 
be seen, that while a good amount of insulation may be put 
between the layers on the periphery, where it is required, 
without much affecting the total size; among the end con- 
nectors in either series, on the other hand, where a slight 
increase to the insulation between the strips would greatly 
affect the size of the whole mass, very little is needed. 
Hence, of the total mass of a series of evolutes, a much 
larger proportion can be allowed for the copper than might 
otherwise be the case. 

This Eickemeyer winding, in common with the Alteneck 
And Crompton arrangements, will be observed to be sym- 
metrical with the attendant advantages. One of the chief, 
however, among its many claims is the ease with which any 
damaged coil may be replaced, it being only necessary to 
undo the joints with the commutator, and remove the outside 
binding wires, to free the whole. It is economical also in 
total amount of copper used, and in labour of construction — 
after the coils are made, that is, as forming up the individual 
coils in the mould must doubtless take time. The absence 
of joints, however, especially in the case of large currents, 
remains one of its chief distinguishing characteristics. 

As, both in connection with this latter and the previous 
windings we have described, we have alluded to the inside 
or outside union with the commutator, we may, perhaps, 
with advantage at this juncture also call attention incidentally 
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to a result following on either of these two arrangements* 
In the Edison (Figs. 15 and 16) and the Hopkinson methods, 
as illustrated, and the Eickemeyer for low currents, this- 
union is interior. In the Crompton and ** Westminster " 
dynamos, and also the modified Eickemeyer for large currents, 
this union will be observed to be exterior. In the former case^ 
and considering any one coupling, of whatever shape, that 
unites two opposite bar ends, the connection with the com* 
mutator is taken off from the middle of such coupUng, half- 
way between the bar ends. In the latter, the connection is 
made at the end of a coupling, at its junction with a parallel 
bar. It will thus be seen that with the interior union, a 
plane through the axis of the commutator and one of its seg- 
ments will be approximately at right angles to the planes of 
the coils to which such segment is connected. In the latter 
case, a plane through the commutator and such segments 
would be approximately coincident with the planes of its two 
coils — lying, in fact, between them. Now,' in practice, and 
taking the case of a horizontal field, with pole pieces right 
and left, the polarity of the armature is brought by the much 
superior strength of the field to be nearly horizontal likewise : 
hence the plane of commutation comes about vertical. Thus,, 
consequently, with exterior connections to the commutator, 
and assuming a horizontal field, the brushes will be top and 
bottom ; while with interior connections, and a plane through 
the commutator axis and connected segment perpendicular to 
the plane of commutation, they will come at the sides of the 
commutator, right and left. It is to be noted, however, in 
the case of Edison's early end-winding (Fig. 14), that the 
connection, though interior, is yet taken off the end of a cross 
connector, the current running to or from the centre along 
a radial plate. Hence here the brushes would be top and 
bottom. 
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HELICAL END WINDING: KAPP. CHORD WINDING r 
SWINBURNE. 

A TYPE of drum armature winding, which, especially as 
regards the end connections, differs entirely from any of the 
foregoing, is the arrangement of Mr. Gisbert Kapp. Here the 
cross connections, instead of being laid as convolutes or discs, 
are arranged helically — in fact, like the threads of a many- 
threaded screw. In the case of copper-plate connectors, a 
common carpenter's wood screw, with thin, flat, and deep 
threads, will convey perhaps the best approximate idea. 

Fig. 48 represents a part longitudinal section through an 
armature thus wound. The thickly placed vertical lines, 0, 
are sections through the series of helical connectors. These 
will be better understood from the developed plan shown in 
Fig. 44. The inner ends of the connectors, it will be observed, 
are jointed to the short parallel bars, as at a a ; while the outer 
ends are jointed to the long parallel bars at b h — the unions 
being effected by means of tags T T, formed on the ends of 
the connectors for the purpose. A single helical connector is 
shown. Fig. 45. B B are the parallel conductors forming two 
sides of a coil, T T the tags, and s the commutator lug. The 
dotted lines S S' show part of a true circular plane, thus 
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making clearer by comparison the helical or spiral form of the 
<X)nnector. 

Solid bar or wire connectors in the forms of insulated copper 
wire cable may also be used as shown in Fig. 46. A layer 
thus formed of bar or cable being of little radial thickness, 
other layers may be superimposed. As, however, the con- 
nectors in the outer layers must necessarily be longer than 
those in the inner layers, this latter method would appear not 
to have the symmetry of the helical plate arrangement. 



I<^G. 43. — Kapp Winding. Longitudinal Section through Armature. 

Returning to the plate connectors, each helix, it will be 
observed, goes round approximately half a circle (for a two- 
pole machine). All the helices, insulated from each other, 
are laid together in an annular frame I (Fig. 43) of wood, or 
other insulating material, and are held there by taping or 
otherwise ; this frame is in turn held in a metal sleeve K, which 
is mounted on a shoulder of the end-plate F. Thus this end- 
winding has the peculiarity of being quite self-contained, and 
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80 can be made up separately, and not put on the armature 
till complete in itself. It will be observed that as the helices 
are attached at their ends to altemate parallel bars, between 
which there can only be a minimum pressure, there will like- 
wise be only a minimum pressure between adjacent helices. 
Only a slight amount of insulation is consequently needed 
between them. 




Fio. 44.— Kapp Winding. Plan of Helical End Connections. 

An obvious advantage of this system over the convolute may 
be observed. If a large number of connectors are needed, it is 
not necessary to have two series, but merely to widen the one 
series in a direction parallel with the shaft. The "pitch" 
being thus increased, a greater number of any given thickness 
can be got in. As to ease of construction and replacement, it 
will be observed that all the joints are on the outside and 
accessible. In the core, at intervals, are placed metal discs 



Digiti 



ized by Google 



66 



PBUM ABMATUBE WINDING. 



-with projecting horns A for driving the winding, and air 
spaces D at either side of these discs allow for ventilation. 
The core has a large central bore, admitting plenty of air, and 




Fig. 45.— Kapp Winding. Single Helical Connector. 

is carried on a spider H as shown. It will be observed that, 
as with the Edison disc, these plate connectors require to be 




Fig. 46. — Kapp Winding. Single Helical Connector of Copper Wire 

Cable. 



stamped out of sheet : hence the same remarks as to waste of 
material and cost of labour, &c., will apply, the question 
remaining as to whether or not this is made up for by subse- 
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qaent economy in labour of construction. This end- winding 
is very compact and symmetrical, with comparatively few 
joints, and these easily accessible, besides having the other 
advantages already mentioned, including free access for 
ventilation. 

The next winding we come to is another of Mr. James 
Swinburne's. In this case the peculiarity exists that the coils, 
instead of being wound over diameters, are wound over chords 



Fig. 47.— Swinburne's Chord Winding 

of the circumference of the armature. An application of this 

principle to a wire-wound armature is shown in Fig. 47. It 

will here be seen that the end wrappings, lying in chords as 

Q,t a a OT b by keep clear of the centre, and thus, especially 

when the chords subtend smaller angles at the centre than 

here represented, allow room for ventilation through the 

hollow of the core. 

For large low-pressure currents the method of coupling up 

across the ends is as shown Figs. 48 to 51. Curved stamped 

f2 
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copper plates a a form the connectors. These are laid two in 
a plane normal to the axis of the armature, and with their 
edges butting as at / (Fig. 48). Connecting pieces d d are 
attached to the plates by means of which union with the bars 
b b ia formed. The plates covering more than a third of a^ 
circle each, the space c may be kept clear for ventilation. 
Otherwise the plates may be laid slightly helically, and overlap- 




Fig. 48. — Swinburne's Chord Winding. End View of Armature, Twer 
Connectors in situ. 

one another. A spider n carries the core, passages o o being 
left for ventilation. Figs. 60 and 51 show separate views of 
one plate connector, with the addition of a tag g formed on the 
interior edge for interior union with the commutator, if such- 
should be desired. 

Foucault currents are dealt with by making each conductor 
bar of parallel strips or bars, and then connecting these up 
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rseparately across the pulley end, as shown in Fig. 18 (page d5)| 
it being borne in mind that in the case before us these 
connectors will be taken across a chord and not a diameter. 

It would appear that in this end winding, as with Edison's 
^scs, the close proximity of connector plates of maximum and 
minimum volts is not avoided. It will be observed, further, 
that the sum of the areas enclosed by the coils is not so great 
AS would be the case were the winding diametrical. The plates 
require to be stamped. On the other hand, the construction 
is simple, and all the joints are outside and accessible. The 




I^G. 49. — Swinburne's Chord Winding. Method of Connecting the 
Connector-plates to the End Plates of Armature Core by Insulating 
Screws h. 



•connector plates are held in a mass to the end plates of the 
core by means of insulated screws, one of which is shown at 
hy Fig. 49. These screws of course also act as drivers, 
obviating the necessity of any special means for that purpose* 
Ventilation, as already intimated, is well provided for. 

There are, however, some further points in connection with 
this winding which it may be of interest to consider. For the 
better elucidation of these, a diagrammatic representation of 
this system is appended in Pig. 52. The pulley end is here 
^hown. The outer radial lines y y represent the commutator 
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lugs at the further end extended on magnified diameters to 
make them visible. The curved dotted lines indicate the con* 
nections thereto. The lugs lettered B B are those of the 
segments on which the brushes rest, the left-hand one being 
the positive brush of the machine and the right-hand the 
negative, while the union with the commutator is supposed to 
be from the middle of a connector. Inspection will make it 
clear that the current flow is as shown by the small arrows. 




'^ 



Fig. 50. 
Swinburne's Chord Winding. 



Fig. 51. 
Separate Views of a Connector. 



The pole pieces are also indicated, N and S. The small 
letters n and s show the armature polarity which each pair of 
parallel coils tends to produce. Thus the coils a and ft, e and d, 
tend to produce between them a vertical polarity, each rein- 
forcing the other, with a south pole above, and a north pole 
below. The pairs e/and g h tend to produce each an approxi- 
mately horizontal polarity parallel with the field, but contrary 
to each other. These latter thus neutralise each other, with 
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the result that the vertical polarity alone remains. In relation 
to the armature itself, this may be called its primary polarity. 
In relation to the field this is known as cross«magnetisation, 
or cross-induction, as it is at right angles to the field. Nov 




-Fio. 52.— Swinburne's Chord Winding. Diagrammatic Sketch of System, 

it will be observed that on the upper and lower sides of the 
armature, as sketched in Fig. 52, the current is running in 
opposite directions in adjacent parallel conductors ; while at 
,the 0ides next the pole-pieces the current runs the same way 
in all on one side. It is claimed in Mr. Swinburne's patenti 
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that by wtue of this arrangement of current direction, the 
eross-magnetisation is reduced. 

: In ordinary- diametrical drum-winding, as explained in our 
.first chapter, the coils adjacent on one side of the plane of 
commutation neutralise those on the other side. Thus, in 
Fig. 53, where a? a? is the plane of commutation, tte coils a a 
neutralise the effect of the coils h 5, in which the current 
is running in an opposite direction, as shown by small 




Fig. 53. — Ordinary Diametrical Drum Winding. Diagram of Current Flow, 

arrow-heads. On the other hand, the polarising effect of 
the horizontal coils cc is unopposed, and produces the 
, vertical primary polarity of the armature coincident \rith 
the plane of commutation x x, which in relation to the 
field, as we have already mentioned, is known as cross- 
magnetisation. 

Let us now suppose the brushes to require a lead. The 

plane of commutation becomes tilted as shown xx (Fig. 54). 

c Now note the effect. The coils aaaa are brought normal to 
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the field. Hence these will produce a polarity parallel to the 
field. In generating dynamos a north pole in the armature 
hecomes opposed to the north pole-piece, and a south to the 
south, as indicated by small letters .w and «, in direct opposi* 
tion to the field. We thus find this polarity parallel with the 
field, termed, in the case of generators, the " back induction" ; 
and its effect is to weaken the field. In the case of motors, 
wherein we may imagine the N and S pole-pieces to exchange 



/ 



If - 



N 



I 



i i 

Fig. 54.— Same as Fig. 63. Bruahes Shifted. 

places, the reverse holds good, and this parallel induction 
reinforces the field : and the further phenomenon arises that, 
with an armature revolving between non-magnetised pole- 
pieces, and having a tilted plane of commutation, the south 
pole of this parallel induction will induce a north pole in the 
pole-piece opposed to it, and a south pole will similarly be 
induced in the other pole-piece. Thus with induced pole-pieces 
only, a motor can be run in a primarily non-magnetised field, 
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though it may not pay to do so in practice. While a tilted 
plane of commutation is on this account not detrimental to 
n motor, hut rather the contrary, it is detrimental in the case 
of a generating dynamo. Hence, to avoid this evil in the 
latter case, as has heen already explained (see Chap. I.), the 
field is made so strong as to draw the primary cross polarity of 
the armature as nearly as possible parallel to itself. The ulti- 
mate effect is a compromise between the armature polarity and 
the field ; and in proportion as the disparity is lessened, so 
great is the " distortion of the field." Thus, in Fig. 64, the 
lines of force of the field, instead of running straight across 
through the armature from N to S, will pass through along 
2/ y as a centre line of their course, the angle between y y and 
the horizontal being the measure of their distortion. The 
peculiarity will thus be noted that the primary polarity of the 
armature, or cross-magnetisation, is just exactly drawn down 
into the line y y, along which there is no primary polarity, as 
already pointed out, owing to the neutralisation of the coils 
a a and b b. The cross-induction thus diverted does not oppose 
the field. Assuming the plane of commutation to have been 
originally vertical, but the field becoming distorted by the 
armature, the brushes will require to be moved over till the 
plane of commutation is brought perpendicular to the new 
direction of the field, guidance, as to when the correct position 
has been found being obtained by the absence of sparking at 
the commutator. 

It may be further observed, referring to Figs. 58 and 64^ 
that the whole of the armature above the line y y being norths 
"and below, south, the horns g and / are opposed, and e and 7h 
reinforced, by the armature primary polarity. It thus comes 
about, that whether the plane of commutation be tilted or not» 
the lines of force gather thick at the horns e and A, which are 
the ** trailing" horns, while at the other horns they become 
comparatively sparse. The Boman letters N and S indicate 
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the ultimate polarity of the armature. In the case of a dis- 
torted field, Fig. 54, the main body of the lines of force 
running from the lower half of the N pole-piece and through 
the upper half of the S pole-piece, and these two halves 
thereby carrying the most lines of force, this further increases 
the accumulation at the horns e and A. The lines being drawn 
away from the horns g and /, these may become magnetised 
the wrong way if care be not taken. 

Keturning now to Mr. Swinburne's chord winding, and the 
claim for reduction of cross-magnetisation referred to, we find 
it difficult to see how this is made good. Referring to Fig. 52, 
we have found the cross-magnetisation to be due to the coils 
abed. The mixed bars above and below have but little effect 
in this direction, owing to the obliquity of the coils to which 
they belong. The whole of the upper half of the armature is 
of one pole, without primary opposition, and the lower haK the 
other pole. The coils being on chords instead of diameters, it 
may be convenient to speak of two planes of commutation here, 
as represented by x x and z z. While these planes are vertical 
back induction cannot arise, as pointed out. But neither does 
it in diametrical winding. K the planes are tilted by a lead 
given the brushes, then back induction immediately sets up, 
as, for instance, the coils e and / becoming vertical will 
exercise influence opposing the field. In fact, with a lead to 
the brushes, a preponderance of the north primary polarity of 
the armature will be thrown against the north pole-piece, and 
of the south against the south pole-piece, and all the attendant 
consequences will follow as in the case of the diametrical 
winding. Hence it is not clear how this claim is substan- 
tiated ; and this failing, it follows that this chord system of 
winding will not compare favourably with the diametrical 
winding, owing to the much smaller total area enclosed by the 
coils; unless, indeed, there be occult reasons in its favour, 
which have eluded investigation. 
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EXTERIOR END WINDING : CROMPTON AND KYLE. 
PARSONS. FRITSCHE. 

A FEW more windings which we may touch on belong to an 
entirely distinct class, especially as regards their end con- 
nections. We refer to those in which the connections are 
made outside the circumference of the armature, instead of 
within. 

The first of these we may consider is one patented by 
Messrs. Orompton and Eyle. This is based on the convolute 
principle, and consists of two series of convolutions running 
in opposite directions outside the armature ends. Figs. 55 
and 56 illustrate this arrangement, though with only a 
portion of the connectors shown. On the outer circumference 
will be observed jointing plates a a a parallel with the shaft. 
From each of these there spring two evolutes h b, which 
proceed, one in each series of evolutes, to the opposing ends 
of a long and short bar respectively. One complete coupling 
b a bis thus shown apart in both views. Though cases may 
arise when this arrangement may be most suitable, yet in 
some respects it will not compare favourably with an inside 
end winding. 

This form of winding plainly requires a longer coupling to 
nnite the two ends of a diameter outside than inside the 



Digiti 



ized by Google 



78 



DRUM ABMATURE WINDING. 



circumference. The joints, however, are all accessible after 
removing the commutator. But a disadvantage with this 
design results from the fact that an accumulation of material 
round the outer ends of the armature militates against the 
snugness of the machine as a whole. These remarks apply 
also to Figs. 20 and 21. It is desirable to keep the 
** magnetic circuit '* through the magnets as short as possible, 
and the field coils need to be brought close up to the pole- 
pieces to obtain their fullest effect. It will, therefore, be 



f 




Fig. 55. — Crompton-Kyle Winding. 
Side View. 



Fig. 56. — Crompton-Kyle Winding. 
End View. 



observed that designers generally bring the field coils as 
near the armature as possible, and, in fact, in the case of 
vertical machines, rest them on the horns, as shown at a a. 
Fig. 57. Thus the lines of magnetic induction generated in 
the magnets within the coils can pervade the pole-pieces with 
the least possible loss of strength, and the total magnetic 
resistance is kept to a minimum. In the design of end 
winding before us, however, the connectors would come in 
contact with' the field coils, so that these would have to go 
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fuirther away from the armature, thus in some degree causmg 
the advantage named to be sacrificed. This difficulty might, 




Fio. 57. 



perhaps, be met by bending all the bars inward a little way 
toward the axis, as shown in Fig. 58. But bringing all the 




Fig. 58. 



ends thus into a smaller circumference, unless the original 
spacing on the periphery of the core should be an open one, 
will tend to jamb them, and so necessitate their being formed 
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to a deeper and narrower section, thereby introducing 
complications. 

The next arrangement of outside end winding to which we 
may refer is one patented by the Hon. Charles A. Parsons ; 
though also independently invented by a young man of the 
name of White, in the employ of Messrs. Latimer Clark, 
Muirhead and Co. This is shown somewhat diagrammatically 
in Fig. 59, and is in principle somewhat related to Siemens's, 
Eickemeyer's, and Eapp's. With the two former it agrees 
in that each coil consists of one wire, or group of wires, 



Fio. 59.— Diagram of Helical Outeide-end Winding. 

without joint from end to end ; with the latter, in that the 
helical principle is introduced at the armature ends. Thus a 
coil starting, say, from a commutator lug at a, pursues first a 
helical path through about a quarter circle to b, thence runs 
parallel to c, then down another helical path and approximate 
quarter circle to d, is here turned back on itseK, and pursues 
another hehcal path to e, and so on until it ends at another 
lug at g. 

The Parsons winding is illustrated in Figs. 60 to 62, 
showing the two ends separately of the same armature. 
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There is here thus represented in practical form what is 
•shown diagrammatically in Fig. 59. The parts lettered z, w^ 
^re sections through the inner and outer layers respectively of 



Pig. 60.— Paraona' Winding. Longitudinal Section through Engine end. 



e k\ I 

Fig. 61. Fig. 62. 

Tarsons' Winding. Longitudinal Section through Section on a h. 

Commutator end. 

iihe hehcal end winding : and it will be no bed that at the ends 
the diameter of the armature is reduced, so that the exterior 

G 
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diameter of the winding is the same throughout. Beyond 
the limits of the iron core proper, hf and c e, the armature is 
non-magnetic, forming thus what may be termed a dummy 
core. The discs gg, hh, are of insulating material; and the 
smaller discs supporting the helical coils are of brass. At t. 
Fig. 60, it will be observed that the coils are turned back on 
themselves as at d. Fig. 59. In Fig. 61, on the other hand, 
it will be seen that the conductor bar ends, rr, pass through 
separate holes in an insulating disc, j ; they are then coupled 
across by means of wire or copper strip and soldering, as 
shown at m m, Fig. 62. This latter method is that adopted in 
all cases when the conductors are too heavy to bend back as 
at t. The whole core is held on the spindle between two 
nuts, nn; and the spindle is hollow for the admission of 
fluid, such as cold water or oil, for the sake of cooling the 
parts. Two of the bars, r r, it will be observed, run out to 
the commutator, lettered t. On the core proper, between 
bf and c e, the bars lie in grooves, and are bound therein by a 
plentiful wrapping of steel wire, rendered especially necessary 
in this class of dynamo by the very high speed at which the 
armature rotates. 

It will be observed, however, in this type of winding, that 
the heUces being in two layers, and all those from what 
correspond to the " long " bars crossing those from the 
" short *' bars, the evil of the close proximity of conductors 
of maximum and minimum volts is in no wise avoided ; and 
the coils would need to be well insulated throughout. This 
form of winding is well exposed to exterior ventilation. To 
remove any burnt section, as in the case of the Eickemeyer 
arrangement, it would be necessary but to undo the connec- 
tions with the commutator, and remove the exterior binding 
wires to loosen the whole. All its joints are accessible. 
But its requiring what we have termed ** dummy " cores 
at the ends to support the helical portions of the winding,. 
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introduces so much waste weight. In consort, however; 
with the extremely high speed characteristic of the Parsons 
machine and steam-turbine, wherewith but a small diameter 
of armature is needed, this latter objection will not be of so 
much consequence as with a larger diameter. But this form 
of helical end winding makes a very long armature, entailing 
a long spindle and long machine altogether. 

If, however, we take this winding, and imagine all the 
parallel portion included within the letters 6, c, e, /, to be 
removed, so that b f coincides with c e, we shall then get 
approximately the last type of winding we propose to discuss, 
the Fritsche armature winding. The core of this armature 




Fig. 63.— Fritsche Winding. 

is, in fact, wound helically ; the whole winding comes within 

the field, and it may be said that there is tio '^ end winding." 

The pole-pieces are placed diagonally in this machine, with 

the comers cut off, in the manner indicated by the dotted 

lines in Fig. 63. This, however, makes a bad field ; for so 

large a proportion of the armature, as at a a, is uncovered 

by the pole-pieces ; and the sectional area of the field, taken 

in a plane normal to its lines of force, is very much reduced 

compared to a field with the pole-pieces placed square in the 

usual manner. As regards facility for renewals, it is, of 

course, the same as the last described. On any armature, 

however, of a given diameter, it is not possible to put so 

o 2 
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many baxs of a given size when laid spirally as when laid in 
the ordinary manner parallel with the axis— comparing it, 
that is, with a parallel winding of two layers. Much care 
must obviously be involved in securing symmetry. An 
ulterior effect following on the diagonal arrangement of the 
pole-pieces to suit the helical winding is that, for any given 
output, the machine, as a whole, will need to be large and 
heavy as compared with others, and so will cost more. The 
coils, of course, have no joints, and, except those forming the 
inner layer, are well exposed to exterior ventilation. That 
the inner half should be without ventilation is a drawback. 
The commutator of this machine (of which a full account 
appeared in The ElectriciaUy Vol. XXII., p. 655) is abnormally 
large, as indicated. 
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CHAPTEE X. 



COMMUTATORS.— INTRODUCTORY REMARKS. 

That part of a dynamo which may be said to be next in 
importance to the armature and magnets is the commutator, 
or collector, as it is variously termed. For it is here that the 
current, after having been generated in the armature, is finally 
collected ; and it is from and to this part that it is led away 
through the outer circuit of lamps and so forth, and brought 
back again for the renewal of lost energy or potential. On re- 
turning into the commutator at one side at minimum potential, 
the current courses through the armature, and is delivered 
again at the opposite side of the commutator changed to a cur- 
rent of maximum potential : hence the term '^ commutator," 
from the Latin commuto^ to change, or alter entirely. 

Our object is now to consider some of the various forms of 
•commutator that have been brought out ; and also some of 
the points that have to be kept in view when getting out the 
design for this portion of a dynamo, such as have led more 
©r less to those diflFerences of form to which we allude. 

Without pretending that a commutator is to any very great 
•extent intrinsically complicated, it yet would be a mistake to 
49iippose that a design may be just " knocked off out of hand " 
veithout much thought. As great an amount of consideration 
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within reason is required in designing a commutator as anj 
other active part of a machine. For we shall find in the course 
of our investigation, that, as in all designing, from that of ai> 
ironclad downwards, there are conflicting requirements to be 
dealt with, both small and great. To these, therefore, and other 
collateral considerations, we purpose first to give our attention, 
before viewing any special examples in particular. Our remarks, 
moreover, must be premised by mentioning that we confine 
ourselves to commutators for dose-coiled continuous-current 
machines, such as those having drum. Gramme, or flat-rin^ 
armatures. 




^ "^ '' L 



Fig. 64. 



Fio. 65. 



As is well known, the essential principle in the construction 
of a commutator is that of a series of segmental bars, held 
together on a substructure, insulated therefrom and from one 
another. This, omitting substructure, is illustrated in Figs. 64 
and 65, the upper half of the latter being in section, so as to 
afiford a full side view of one segment. The shoulder a reprer 
sents the lug whereby connection is made with the armature 
winding, and through which the current runs either way 
between the winding and the segment. The thick black lines 
represent insulation. 
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Now, it is obviously the first consideration that each bar 
shall be large enough to carry the whole current without 
undue heating, and shall continue so after a reasonable amount 
of wear. It must be of sufficient thickness and depth, and 
have length enough to allow of a proper number of brushes 
to take the current off. - But another consideration immediately 
follows, in respect of economy, inasmuch as the segments are 
usually of either copper, phosphor-bronze, or gun-metal, all of 
which are expensive materials. Hence, with regard to prime 
cost alone, it is not desirable to increase the dimensions over- 
much either way. Again, as to the length, this dimension 
affects the length of the machine as a whole — in particular as 
to shaft and bedplate. This increases the total weight, and 
adds to the prime cost in respect of cast iron and steel. The 
diameter of the shaft would need increasing in due proportion. 
It also, however, means greater floor-space, or, on board ship, 
deck room. In the latter case especially, where space is limited, 
if one over-all dimension can be reduced without adding to 
another, there is an object in doing so. But this, it will be 
seen at once, is directly opposed to the already mentioned 
necessary condition, that there shall be a sufficient length of 
commutator for the brushes. We shall see later on, when 
dealing with particular designs, what methods have been 
adopted to meet this combination of requirements. 

Now, the segments, besides being liable to wear from the 
constant rubbing of the brushes, are also liable to bum away 
from sparking between them and the brushes, especially if the 
sparking is such as flies from them to the brushes. This evil, 
however, is less liable to arise when the commutator is divided 
into many segments in proportion to the voltage than into a 
few. A commutator of many segments is thus for this reason de- 
sirable ; and for the further reason that it would give a steadier 
current at any given speed than one with fewer parts. This 
question, however, is one with which the arrangement of the 
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annature winding as a whole is ooncemed, inasmuch as there 
are the same number of segments in a commutator as there are 
sections in the winding. Now, with an armature wound in 
many sections for a high potential and a small current, the 
bars need not be of large section ; yet they must be of appre- 
eiable size. But especially owing to the number of bars all 
requiring to be separated by insulation, this latter material, by 
its accumulation, forms a considerable factor in determining 
the diameter. Hence it comes about that the commutator will 
be of large diameter, sometimes nearly equalling that of the 
armature itself. But there being only a small current to be 
taken off by the brushes, the bars do not require to be long, 
and the commutator will be short in proportion to the diameter. 
It is obvious, however, on the other hand, that with any given 
speed, and greater consequent peripheral velocity, there will be 
more wear of both brushes and segments, and greater con- 
sumption of energy, due to the friction of the brushes, with a 
large diameter than with a small. But with a low potential, and 
large current, and small number of segments, the total amount 
of insulation between the bars will be reduced in proportion, 
while the length will need to be greater to accommodate those 
brushes. Hence the length of the commutator will be greater 
as compared with the diameter, and the latter considerably 
less than that of the armature. 

The thickness of the brushes may, however, be a factor 
in this question. It is obvious, that with any given number 
of segments, the same peripheral brush contact surface sub- 
tending any given angle at the centre may be obtained by 
having either a long thin brush contact surface on a small 
diameter of commutator, or else a short broad one on a large 
diameter. 

Though it is a common feature in small high-tension 
machines to see the commutator nearly as large in diameter 
as the armature, a peculiar instance where it is so in the case 
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of a large machine is that of the Elwell-Parker * continuous- 
current transformer, or motor-generator. Here there are two 
commutators, one at each end. That receiving the high- 
tension current for the "motor" function of the machine is 
composed of a large number of small segments, and the total 
diameter is nearly equal to that of the armature ; while at the 
same time the length is only a small fraction of the diameter. 
The other commutator, dealing with the low-potential large 
current, the outcome of the "generating" function of the 
machine, has many fewer segments, and is of smaller diameter ; 
while the length is greater than that of the other commutator. 
Its length is about the same as its diameter, in fact, and a 
large brush contact surface results. The contact surface being 
proportional to the current, and not to the potential, much 
smaller brushes are sufficient on the high tension. 

Returning once more to the subject of sparking, the 
principal bearing of this matter lies in the fact of its forming 
a reason for subdividing the commutator into as many parts 
as possible, as already intimated. The tendency to spark, and 
the secondary effect of the formation of "flats," are thus 
minimised. But, as will be seen, much subdivision increases 
the total amount of mica between the bars, and consequently 
the diameter also. Hence a compromise has to be effected, or 
at least too much subdivision avoided. 

A peculiarity, however, in the wear of the segments, apart 
from their burning, is that, with wire brushes especially, annular 
grooves are apt to be cut round the commutator. This is 
mitigated by allowing the armature a slight end play in the 
bearings when possible. To equalise the wear also, it is usual 
to adjust the brashes, when there are more than one in a set, 
so that the gaps between those in one set do not come opposite 



* This machine is illustrated and described in The Eleciricianj VoL 
XXVIIL, p. 424. 
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the gaps in the other set. For the further reduction of wear 
and cutting it is commonly the practice to put a very little 
vaseline on the commutator. This is more necessary, however, 
when the bars are of soft copper or other metal. When of good 
hard metal, and with stencil-plate or gauze brushes, it appears 
to cause no detriment to run dry, without any lubrication. 

Though under certain circumstances some oils may act as 
perfect insulators, better even than air, it is not desirable to let 
the oil from the bearings creep over or into the commutator. 
.With large difference of potential between the segments and 
the parts of the machine at zero potential, a streak of oil be- 
tween would carbonise ; and carbon being a conductor, a short 
circuit would be set up, leading to leakage. To prevent this, 
among other reasons, a ridge is generally turned on the shaft, 
or on one of the nuts retaining the commutator, or elsewhere, 
from which the waste oil from the bearing is flung off, and is 
caught by an overhanging annular hood, or oil-catcher, project- 
ing from the bearing, from which it is drained away. 

As to the metal used for the segments, besides the gunmetal, 
phosphor-bronze, or copper, already mentioned, iron is sometimes 
used. The prevailing tendency is perhaps towards copper, though 
this somewhat depends on the form of the segment. Copper 
segments may either be cast, which can be done by alloying with 
a little silver — ^a method adopted by Messrs. Crompton and Co. — 
or else they can be rolled to the required segmental section and 
so be cut ofiT in lengths. This metal is, of course, a better con- 
ductor than either phosphor-bronze, or gunmetal, or iron. The 
copper, when not cast, may be either hard rolled or else annealed. 
The former would be more durable ; but the latter is better 
as regards conductivity. As, however, the ratio of the specific 
resistances of hard-drawn and annealed copper is given only 
as 1,652 to 1,615, this seems so slight in proportion that the 
question of durability would have more weight, and so the hard 
copper is preferable. 
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In the process of construction, these bars are filed, or other- 
wise worked up true, on their flat sides ; then, with thin sheets 
of mica, usually about one thirty-second of an inch thick, and 
shellac or other varnish between them, they are all clamped 
together so as to form a hollow cylinder, as shown in Figs. 64 
and 65. According to varying practice, the inside may or may 
not be bored. But i;^hile still clamped together they are put 
in the lathe, and the ends carefully turned to gauge. The 
fiubstructure consists of a sleeve or bush, usually of gunmetal, 
though sometimes when large of cast iron. Over this the 
cylinder of segments is fitted with insulation between, and 
fastened on by a nut and washer. These latter are either 
wrought iron or gunmetal, or may be of steel. The whole now 
forming a compact structure by itself, the clamps are removed. 
Put in the lathe once more, the outside is carefully turned to 
asmooth bright surface. Though we shall deal with variations 
later on, commutators of this general type such as we are dis- 
cussing have thus this characteristic in common, that when once 
built they are complete in themselves, and as such can be put 
on or otF the shaft of the dynamo. 
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CHAPTER XI. 



COMMUTATORS.— INSULATION. 

Now, though the difference of potential between adjacent 
segments may be slight, yet this varies from a minimum at the 
plane of commutation to a maximum at the sides of the com* 
mutator, in a plane at right angles to the plane of commutation. 
For, as explained in our first chapter, assuming the plane of 
commutation to be vertical, and so the brushes at top and 
bottom, and the segments approximately in the same plane 
with the coils with which they are connected, those segments . 
at the sides connected to coils lying horizontal are collecting 
potential at a maximum rate ; while the vertical segments at 
the top and bottom are connected to coils which are generating 
practically no potential. The reasoning would be very similar 
in reference to Gramme-winding. But in consequence, the- 
insulation between the segments must be sufficient to with- 
stand this maximum difference of potential that occurs at 
the sides half way between the brushes. On the question 
of insulation, however, that between the bars and the sub- 
structure requires special attention ; for there is the difference 
between the whole potential of the machine and the zera 
potential in the substructure to deal with. Here the insulation 
may be an eighth of an inch or more in thickness, and may 
consist of vulcanised fibre, mica, asbestos, or other material. 
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Between the segments, it may be mentioned, mica is specially 
suitable owing to its natural cleavage, which allows of its easily 
being split into the very thin sheets required. Moreover, it is 
hard and well adapted to resist the compressive strain brought 
upon it, and so, with the segments, help them to form a solid 
mass compact together. 

Now, while on this subject of insulation, and inasmuch as 
the substance commonly known as " fibre " is so largely in use 
for this purpose, it may be of interest perhaps to add some 
remarks concerning it, for which, in the first instance, we are 
indebted to a somewhat complete resumi on the subject by 
manufacturers of this material. 

Vulcanised fibre is produced by chemically treating specially 
prepared vegetable fibre, whereby the exterior portion of 
«ach separate filament becomes glutinous. While in this 
<3ondition, the whole mass is consolidated under heavy pressure, 
and rendered practically homogeneous. The chemicals are 
then extracted, and the mass is manipulated, rolled, pressed, 
and cured by various methods. These operations being of an 
extremely delicate nature, liable to vary with different condi- 
tions of atmospheric moisture and temperature, it requires 
great skill, care, and experience, as in many other manufac- 
tures, to produce uniformly good results. The fibre is made 
in two qualities, "hard" and "flexible"; though for purposes 
of insulation the hard quality alone is applicable. A pecu- 
liarity is that this substance is produced only in sheet or 
tube forms. It will not mould ; hence all objects to be made 
from it require to be cut out of either of these two forms, 
whichever may be the most suitable. The sheets, in size about 
40in. by 60in., vary from -^in. to 1 Jin. thick, and are supplied 
in three colours, red, grey, and black ; while the tubes, pro- 
duced in lengths approaching two feet, have a thickness of 
shell not exceeding half an inch. It appears that these latter 
cannot be manufactured of less than y^in. inside diameter, and 
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the thickness, moreover, is proportioned somewhat to the dia- 
meter in the small sizes. Being rolled perfectly true and 
straight, with a good finish, they may be cut off into washers, 
or be used in lengths for enclosing and insulating bolts, and 
so forth. Though it has no grain, properly speaking, like wood, 
this material has none the less a species of cleavage parallel to 
the plane in which it is rolled. It may thus be split or cut 
comparatively easily in one direction, while it is hard to work 
in another. 

As is well known, this material is strong, elastic and durable, 
even working well when used for the teeth of mortice wheels. 
This latter, however, depends on the teeth being lubricated 
with grease and blacklead, and not with oil. Fibre absorbs 
both oil and water. The former reduces its durability, while 
the latter would of course be fatal to its quality as an insulator. 
Such absorption causes it to swell, though it resumes its 
original size when dry again. Its specific gravity is about 1*3, 
and a cubic inch weighs about four-fifths of an ounce. 

Originally imported from America, vulcanised fibre has been 
put on the market in England and the Continent as an insu- 
lator, and having some insulating qualities, and being easily 
worked, has been very generally adopted. In this connection, 
however, we may give a table of specific resistances, compiled 
from measurements taken by Profs. Ayrton and Perry, and 
which we quote from Uppenhorn^s Electrical Calendar : — 

Vulcanised fibre 1-2 x 10« megohms (B.A.) at 20°C. 

Mica 84-0 „ „ „ 20<»C. 

Gutta-percha 450*0 „ » , 24°C. 

Shellac 9000-0 „ „ 28°a 

Hooper's vulcanised India- 15000-0 24*^0 

Ebonite 28000*0 „ „ „ 46°C. 

Paraffin 34000*0 „ „ „ 46''C. 

Glass Still neater. 

From the above it will thus be noted that fibre ranks last 

as an insulator. Now, with the India-Subher and GuUa^ 

H 
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Fercka, dc.^ Trades' Journal (May 9, 1892), as our authority, 
we there find an account of some experiments made as to the 
specific resistance of vulcanised fibre by Mr. Eugen MUller, of 
Berne, the original of which appeared in the Elektrotechnische 
Zeitschrift (February 5, 1891) * The liability of fibre to absorb 
moisture has already been intimated. To how great a degree 
this liability extends, however, will be made clear from the 
following tabulated results of these experiments. It is to be 
observed that these were made under three different conditions^ 



*We are indebted to the Editor of The Electrician for the following- 
epitome of further correspondenoe on this subject : — 

** Referring to this article, Mr. W. Courtenay, President of the Vulca- 
nised Fibre Company, writes to point out the rapidity with which ebonite 
or vulcanite (even when it is of the best quality, which is seldom the case) 
deteriorates with age, whilst vulcanised fibre actually improves, and after 
eight or ten years has been found in a better state than when first put in. More- 
over, ebonite or vulcanite is almost always adulterated, and in time becomes 
perfectly perished, and ite only claim to being considered an insulator lies 
in the fact that it is waterproof. Mr. Courtenay entirely denies that vulca- 
nised fibre contains either jute or oxide of iron, as asserted by Herr Miiller. 
AU Herr Miiller's figures giving comparisons with paraffined wood are, says 
Mr. Courtenay, quite irrelevant. As everyone knows, paraffin is one of 
the best non-conductors, and wood being exceedingly porous, the tests given 
refer in reality to the paraffin, and not to the wood. It is not to be denied 
that ebonite and vulcanite when pure (which they seldom are) have a 
higher resistance against high potentials than fibre. Against this must 
be balanced the mechanical weakness to which they are liable. Herr 
Miiller is aware that the hygroscopic properties can be entirely done away 
with by giving it a coating of shellac or other watertight varnish, whenever 
circumstances would otherwise allow it to absorb moisture. Mr. Courtenay 
states that it is by no means certain that Herr Miiller had got hold of 
genuine specimens of fibre, as many imitations of the genuine article had 
been produced. In answer to this, Herr Miiller, in a later issue of the- 
Elektrotechniiche Zeitschrift^ states that the specimens of fibre tested were 
obtained from the sole agent of the Patent Vulcanised Fibre Company,. 
Herr Wilfert, of Cologne. To this the latter replies that he has only 
supplied Herr Miiller with a small sample of fibre, and that nearly two- 
years ago. He also says that since the Vulcanised Fibre Company supply 
only one sort of fibre, whilst Herr Miiller gives the results of tests on eight 
different varieties, there must be an error in supposing that the material 
iftxperimented on was prepared by the Vulcanised Fibre Company." 
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Firstly, the fibre was previously thoroughly dried by being en- 
closed in an exsiccator for several weeks ; secondly, experiments 
were made after its exposure for 24 hours only to the by no 
means damp atmosphere of the laboratory ; and, thirdly, after 
exposure for several months. Results with walnut wood are 
also included. (12 L ~ Legal megohms.) 

Specific Besistance {at 15'' C.) per Cvhic Centimetre, 





Dry. 


Exposed 


Exposed 


— 


24 hours. 


several months. 




A. 


B. 


C. 


1. White vulcanised 








fibre 


2,500 xlCflL. 


200xlO«flL. 


14xlO«nL. 


2. Different kind „ 


3,300 „ 


1,080 „ 


22 „ 


3. Light brown „ 


7,4C0 „ 


680 „ 


18 „ 


4. 


12,400 „ 


1,002 „ 


64 „ 


5. Red 


16.500 „ 


245 „ 


10 „ 


6. Black 


20,500 „ 


2,000 „ 


68 „ 


7. Red 


35,400 „ 


3,250 „ 


54 , 


8. Brown „ 


48,500 „ 


3,800 „ 


26-3 „ 


9. Ordinary walnut 








wood 


99,000 


2,870 „ 


53 „ 


10. 


49,500 „ 


21,000 „ 


572 „ 


11. Paraffined „ 


» 


620,000 xW„ 


3,690 „ 


12. 


» 


185,000 xl0«„ 


11,080 „ 


13. „ „ 


30 


11,700 „ 


1,380 „ 


14. 


» 


JO 


830 „ 



It will thus be seen that though fibre, when perfectly and 

absolutely dry, has decided insulating qualities, it rapidly 

deteriorates in this respect with exposure. The loss, in fact, is 

tremendous, even in the first 24 hours. But in the humid 

climate of England, wherewith by far the greater part of the 

year the atmosphere is damp, the first two columns in the table 

would with the better reason be considered as appertaining to 

a condition of things contrary to general experience. For safety, 

the last column (C) is the one on which calculations should be 

based. We here find the specific resistance ranging from 

h2 



Digiti 



ized by Google 



100 COMMUTATORS. 

10 X 10^ megohms (L) for one specimen of red fibre, to 68 x 10* 
megohms for a black specimen. 

The means of the results, however, are given as follows : — 

White vulcanised fibre about 18 x 10^ ft L. 

Brown „ „ „ 26xl0«„ 

Red „ , „ 32x106,, 

Light brown „ „ 36x10*,, 

Ordinaiy dry walnut wood 53 to 572x10' „ 

ParaflSned „ „ 530toll,0C0x 10« „ 

In the first table we quoted it will have been noticed 
that the specific resistance of mica was given as 84 x 10^ 
megohms (B.A.), at 20°C. This is considerably better than 
any results with exposed fibre, though by no means high as 
compared with the other insulating substances that follow it 
in the table. 

It is obvious, however, that the whole question of insulation 
is bound up with the consideration of what is practicable and 
practical under any given conditrons. Thus, in the case of 
commutators, with which we are more immediately concerned, 
mica, from its natural cleavage and hardness, is eminently 
suited for putting between the flat sides of the segments. For 
this purpose, therefore, it has been largely adopted. If we 
consider the various substances that are used generally for 
Insulation, such as glass, porcelain, paraffin, ebonite, vulcanite. 
India-rubber, gutta-percha, besides mica, fibre, and so forth, 
we find none of the first- named are applicable for use in com- 
mutators — or, at least, are not used to our knowledge. India- 
rubber and gutta-percha are too soft ; ebonite and vulcanite 
are too friable, and wanting in strength ; glass and porcelain 
have a certain strength; and though one may be tempted to 
look at these, the practical difficulties of adapting them to a fit 
would be great, besides the question of their extreme brittleness, 
and liability to chip, crack, and break. In a commutator, the 
insulation has to form part of the general structure, and has 
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to take strain in common with other material used. This at 
once limits the substances that are applicable. For the neces- 
sary strength, therefore, together with practicability of working 
and other qualifications, we find ourselves more or less con- 
fined to vulcanised fibre and mica, though asbestos and other 
materials have been adopted. 

Now, the excessive hygroscopic properties of fibre, to which 
we have been drawing attention, and which interfere so 
largely with its quality as an insulator, cannot unfortunately 
with any success be diminished by paraffining. For on ac- 
count of its very inferior porosity, the temperature of the 
paraffin has to be raised very high (about 180°C.) to make it 
penetrate ; and at this heat the fibre decomposes with efferves- 
cence, becomes brittle, and is rendered perfectly useless. Its 
swelling with absorbed moisture, which may amount to 
-^ in., or even more in an inch-^and, contrariwise, its warp- 
ing with heat — present considerable difficulties. For com- 
mutators — especially in the case, for instance, of motors worked 
out of doors — are exposed to every atmospheric change, on the 
one hand ; while, on the other hand, they are liable to get 
warm from causes inherent to the machine. The futility, 
moreover, of any trust in a coating of varnish is apparent, in 
consideration of this not being able to prevent the effects of 
heat. In most cases, also, the fibre having been exposed to 
the air for some days at least, when being machined to shape, 
will have absorbed moisture before the application of the 
varnish, while any attempt to dry the fibre immediately 
before varnishing would probably cause some change of 
shape. It is thus for these various reasons that some firms 
are now abolishing vulcanised fibre altogether from their com- 
mutators, and are using mica throughout. We hence propose 
now to give our attention more particularly to this latter 
material, and its adaptability for use in commutators — ^for 
the cones especially. 
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Touching briefly on the sources whence mica comes, it may 
be stated that it is found and mined, among other places, in 
New Zealand, Australia, Canada, Bengal, Madras, and Ceylon. 
There are various kinds of mica, and the term is applied to a 
group of crystalline rocks having the peculiar laminated struc- 
ture well known. While a small specimen may easily be sliced 
thin through the cleavage with a pocket-knife, on the edge it 
is about as hard as slate. It is found in slabs sometimes 
two or three inches in thickness. But it cannot be worked 
like slate, nor even as though it were hard wood or soft metal. 
When required of any particular shape, size, and thickness 
it is necessary to build it up to the approximate dimensions, 
of thin slices, separately worked, and all cemented together. 
The mass thus built may then be finished off by subsequent 
tooling. At the Electrical Exhibition at the Crystal Palace, 
in 1892, there were two exhibits of this substance, in the 
gallery, by Messrs. F. Wiggins and Sons, and Messrs. Wake 
and Sanders. In both of these there was a plentiful display of 
mica strips cut for use between the segments of a commutator. 
The former exhibitors, however, added two mica rings built up 
in the manner described, which were ready prepared for turning 
down into cones for commutators. These were to be observed 
in a case containing various very fine specimens of machined 
work, placed round the foot of a column of turned mica, 
which latter was doubtlessly unique in the Exhibition, as show- 
ing what can be produced with this material with proper 
knowledge and skill in its manipulation. Reverting to the 
rings, however, these are by no means wanting in strength. 
For, besides being hard on the edge, mica is also tough. A 
thin sheet will bend considerably before breaking. But 
unless built up in the manner described, it has no great 
strength to resist parting in the cleavage. Some firms build 
up their own rings, though, as intimated, they may also be 
had from the makers, leaving only the turning to accomplish. 
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Very heavy pressure is needed for making the rings — those at 
the Exhibition, for instance, though only about Sin. in diameter 
and f xfin. in section, requiring no less a pressure than 
175 tons. But in this manner cones may be obtained of 
sufficient strength, and as regards insulation and other quali- 
ties, considerably superior to vulcanised fibre. 
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CHAPTER XII. 



COMMUTATORS.— METHODS OF CONSTRUCTION. 

Having thus briefly reviewed some of the different points 
that occur in connection with the design and construction 
of commutators generally, we may proceed now to the con- 
sideration of definite examples. In so doing, it may be 
helpful to adopt some kind of classification. Thus a general 
division may be drawn between those designed to give the 
greatest depth of wear for the brushes, and those in which 
shortness of length has been made a special object. Figs. 66 
to 69 herewith illustrate designs of the first class, each showing 
a longitudinal section through the upper half of a commutator 
only, similar to the upper half of Fig. 65, as with other figures 
that follow. Figs. 66 and 67 show two forms of commutator as 
made by Messrs. Crompton and Co., Limited ; Fig. 68 is that 
of Mordey^s "Victoria" dynamo; and Fig. 69 shows the com- 
mutator of the "Helvetia" dynamo, constructed by Messrs. 
Alioth and Co., of Basle. It should be mentioned, however, in 
reference to these and succeeding figures that they are not 
scale drawings from specific examples ; and though suited for 
the purpose of this work, no guarantee is intended that they 
all illustrate present day practice. Few parts of a dynamo 
probably are more affected by change than the commutator ; 
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and it is our purpose to discuss the reasons that lead to such 
changes, rather than merely to illustrate ultimate results. 

Now, the leading principle of these four examples is that 
of endurance. For there is no limit to the depth to which 




Fig. 67. — Croinpton. 




Fig. 68. — Mordey's " Victoria." 
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Fig. 69.— " Helvetia." 



the bars may be worn down. They may, in fact, be worn 
right through — an occurrence which is not unknown ; though 
allowing a commutator to run so long instead of renewing at 
an earlier period is perhaps scarcely commendable. This is, 
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bowever, a leading point in these designs. Regarding them 
more closely, we note that they are all mounted on a sleeve or 
bush a a, which in Figs. 66, 67 and 69 has a mushroom head, b. 
In Fig. 68 the head is flat, and is placed at the contrary end to 
that where the shoulder./ for the lugs occurs, as compared with 
the other figures. The segments are held on by a nut and 
washer cd: and in Figs. 66 and 67, the whole commutator is 
held on the shaft by a nut and lock-nut fe. In Fig. 69 only 
one nut is used for this latter purpose. The solid black 
represents insulation. 

Having regard now more particularly to Fig. 66, it will be 
noted that the washer d is of the same diameter as that of the 
combined segments. Thus it differs from the other designs in 
that these latter have a clear shoulder at the left end, as shown 
lettered i in Fig. 67. It may perhaps be said, without its being 
stated as a set rule, that Fig. 66 is more especially suited for 
small sizes. For this, referring to the nuts and washers, would 
be on the general principle that parts should never be too small 
absolutely. On a large scale certain parts might be minute 
in proportion to the whole, but not so absolutely — or* in other 
words — to the size of a man. The same parts on a smaller 
scale would need to be of increased size in proportion to the 
whole, to avoid being too small absolutely. . Beyond this con- 
sideration, howe^^er, a clear shoulder as at i allows of an un- 
hampered peripheral surface for wearing down. A groove 
turned at the other end as shown dotted at A, Fig. 67, leaves a 
surface clear at both ends. In Fig. 66 the dotted line shows how 
the wear is confined and hampered at both ends, and illustrates 
the difl&culty, if not impossibility, of keeping the wear even all 
along, so as to avoid sparking. The surface ik in Fig. 67 has 
not these difficulties. In a patent for this groove h taken out 
by Mr. J. W.Easton, of New York, it is recommended that 
it should be kept filled with some easily removed insulating 
material, to prevent its filling with metal dust from the wear 
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of segments and brushes, which might otherwise cause short 
circuits between the bars. Though familiar with the idea of 
the annular slot some time before the date of this patent, we 
are not aware to what extent, and with what success, thia 
method has been adopted in practice. 

As to the washers and heads, it will be noted that in 
Fig. 68 there is one of the former at each end, on account of 
the flat head. A point, however, to which attention may be 
drawn is the angle with the axis under the head and washer, 
as at m and n. Fig. 66, assumed in different designs. This, as 
will be seen further in subsequent sketches, varies from about 
60* and 50', to 45°, 30*, and even less. A great difference thus, 
exists. The principal point to be attained, however, beyond 
holding the segments securely against the centrifugal force 
tending to make them fly off, is to hold them so firmly together, 
considering the large number of parts forming the whole, that 
they shall not easily be put out of truth, after leaving the 
lathe, by any accidental blow or jar. With the larger angle,, 
the best effect, of course, is to hold the segments tightly 
between the washer and head ; while the smaller angles have a 
best effect in holding the segments in toward the axis. It ha& 
to be considered, however, that insulating materials have not 
the same density and solidity as metals. They, moreover, vary 
in nature, and, as has already been pointed out, fibre is apt 
to absorb moisture and swell thereby, and to shrink again 
when dry and hot. Now, this shrinkage would naturally have 
more effect in loosening the bars diametrically with the large 
angles than the small. Thus a small angle with the axis 
might seem the best with fibre. But a substance less liable to 
shrink, such as mica, may be preferable for large angles. 
Conversely also, in consideration of its laminae being in planes- 
normal to the axis of the shaft, a large angle would be better 
for the mica, when so used. With a small angle, and assuming 
the possibility of there being any ffive in the insulation between 
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the bars, and assuming further that these are tightly fitted 
on the cylindrical body of the sleeve, with hard insulation 
between, then on the nut being tightened up, and the slope of 
the washer having its best effect diametrically inwards, there 
would be a tendency for the ends of the bars within the 
washer to become jambed against the sleeve, the slope of the 
washer in a manner acting as a wedge. The result of this 
would thus be, that the segments dragging on the sleeve 
would not be driven home so tight under the head as under 
the washer. In Fig. 68, where the angle is very small indeed, 
any possibility of this eventuality is met by the fact that the 
washers at each end lie flat against the nut and head respectively, 
and also against the bar ends ; and thus the bars are driven 
directly by the nut. There does not seem much allowance 
here, however, for any give of the insulation enclosed between 
the washer and the projecting heels or snugs of the segments. 
A practical point is to allow a thickness of sleeve where the 
nut rides for a sufficiently large thread ; and a length parallel 
with the axis, such that the nut may not be too thin: thus, 
tight screwing up may be eftected without the thread stripping, 
or the nut bursting, which is of course a matter of primary 
importance in securing the solidity of the whole mass. This 
nut, it should be mentioned, requires to be locked to prevent 
possible slacking back. One method is to put radial screws 
through it, generally three, with their points taking into the 
sleeve. Another method is to put one or more screws 
parallel with the shaft through the nut, with their points 
taking into the washer, as shown in Fig. 77. 

But now we may turn our attention to commutators of the 
second kind in our classification. We find these exemplified in 
Figs. 70 to 73. Of these, Fig. 70 is a Kennedy design ; Fig. 71 
an example from a " Westminster " dynamo by Messrs. Latimer 
Clark, Muirhead, and Co. ; Fig. 72 a Giilcher ; and Fig. 73 an 
early type of Kapp commutator. Here, as was intimated, a 
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special object has been to secure a short total length in 
proportion to the length of brush contact surface. The 
difference between these and the firot four is at once apparent^ 
in that thej are undercut at the ends, and the washer and 
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Fig. 70.— Kennedy. 
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Fio. 73.— Kapp. 

mushroom head more or less let into the ends of the 
segments. This is especially the case with Figs. 70 and 71 ; 
while with the former in particular the total length scarcely 
exceeds that of the segments. A further difference, how- 
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ever, will be seen, in that while the segments of the first 
four were all bedded on the sleeve with insulation between, 
in these latter there is no insulating material here, an air 
space between being left instead. Moreover, whereas the 
washers and heads of the former had only one slope, tending 
to force the segments inwards, in these latter, excluding 
Fig. 71, there are two slopes. Thus the effect of tightening 
the nut is to maintain the segments at a constant diameter or 
pitch, instead of only forcing them inwards. This forms an 
essential difference in construction. The angles of the reverse 
slopes are 45° with the axis of the shaft. Now in Fig. 71 we 
find this peculiarity that air spaces are left, lettered lly between 
the inner side of the undercut and the outer periphery of the 
insulation ; while at the same time there is no bedding on the 
sleeve, and the washer and head have only one slope. Thus 
the bars are all simply pressed inwards by tightening the nut,, 
and held together like the voussoirs of a circular arch or culvert ; 
the case would be analogous in Figs. 66 to 69 were the interior 
insulation round the sleeve omitted or but loosely fitted or 
packed in. If, however, returning to Fig. 71, the spaces II 
were filled up solid, then the segments here also would be 
maintained at one set diameter or pitch, as in the case of Figs. 
70, 72, and 73. Assuming, however, the single slope, without 
there being any direct support for the bars radially from the 
centre, then, especially when the commutator is divided into a 
large number of parts, the taper of each segment on its cross 
section is so slight, that an accidental blow on the outside, on 
any one or two of them, might drive them in, in spite of the 
tightness of the nut; thus the whole would be put out of 
truth, necessitating a return to the lathe. Hence a direct 
support both inwards and outwards would appear preferable, 
either by means of the single slope under the head and washer, 
and bedding on the sleeve, or else by double slopes on washer 
and head, as in Figs. 70, 72, and 73. 
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In these four designs, Figs. 70 and 71 especially, it will be 
observed that the brushes cannot wear right through, as they 
were open to do in Figs. 66 to 69, for they would reach the 
washer and insulating ring before doing so. They all have a 
clear shoulder, as at t. Fig. 67. It might appear in reference 
to Figs. 70 and 71 that on much wear taking place the sections 
of the segments at r would become so reduced as to choke the 
current flowing to and from the lug. But as so little wear is 
allowed at all, renewals would be needed before much trouble 
in this direction could arise, at least, in the case of Fig. 70. 
Excessive wear may, of course, lead to difficulties here, as else- 
where. In the other designs the undercut is not nearly so 
great. It may be noted that there was a slight undercut 
at the lug end in Fig. 69. 

Regarding the matter now, however, from the point of view 
of prime cost, we find these latter four examples compare 
favourably with the former. Thus a slight gain accrues at 
once from the shorter sleeves. But from the fact that there 
is no insulation between the bars and the sleeve, and pro- 
vided the air space thus left is not less than (say) y^in., 
there is no necessity either to bore the interior of the seg- 
ments or to turn the outer cylindrical surface of the sleeve; 
and so machining is saved. In Fig. 72 a further saving in this 
same direction is effected by chambering the interior cylin- 
drical surface, lettered s s, thus leaving only the ends to bore 
smooth to fit the shaft, while the chambered portion need have 
only a roughing cut taken off it, if any. Moreover, as the 
length of the segments themselves in the latter four does not 
exceed what is required for the brushes and lugs, whereas in 
all the other designs we illustrate there are projections at 
both ends beyond these limits, metal is saved in this respect. 
Economy is also effected, of course, in insulation. 

A distinctive feature in Fig. 73 is that nuts are eschewed, 
and two sleeves are adopted, the one screwing into the 
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other, as shown. As in Fig. 68, however, it has two washers, 
one at each end, and both from the same pattern. We may 
note a further characteristic which these hold in common with 
the Vashers in Figs. 68 and 69. This is that they are not 
centred on the sleeve, excepting in so far as in Figs. 68 and 
69 the washers there force the segments on to the interior 
insulation, and so become centred thereon themselves. In 
the other designs before us the washers are bored to fit the 
sleeve, and so are centred on it ; and they are thus the better 
adapted to assist in maintaining the truth of the commutator. 
But in Fig. 73 they are not centred on anything whatever, 
and entire dependence for maintenance of truth is apparently 
placed on the friction of the grip between the sleeve heads. 

An advantage, however, in connection with these latter four 
designs is that for larger diameters of commutator, while 
assuming the same diameter^ of shaft, it is only necessary to 
increase the diameters of the washers and nuts, simply leaving 
a larger air space between the segments and the bush. For 
very large diameters the bush may be double, being com- 
posed of an inner cylinder riding on the shaft, and an outer 
cylinder carrying the segments, united by radial ribs to the 
inner one. By this arrangement passage for ventilation is 
afibrded by the space between the cylinders. 

We now come to four more designs. Figs. 74 to 78. Of 
these the first two, it should be stated, we borrow from 
Prof. Silvanus P. Thompson's ''Dynamo Electric Machinery." 
Fig. 74 is another design by Mr. Gisbert Kapp, and Fig. 76 
one by Messrs. Paterson and Cooper. Fig. 77 is another 
*' Westminster " design ; and Fig. 78 is a design adopted by 
Dr. Hopkinson, though with this latter we are not able to 
show any insulation. Fig. 74 will be seen to be similar to 
Fig. 73 in having a double sleeve : otherwise it is totally 
unlike. It is, however, similar to Fig. 78 in simplicity of end 
slope, and in having very large angles. Fig. 75 represents 
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Mr. Kapp's latest form of commutator, which we borrow from 
the very fine collection of plates at the end of the fourth 
edition of Prof. Thompson's book above referred to. It will 
be observed that the double sleeves are abolished, only a very, 
fragmentary idea of a second sleeve being represented by a 
prolongation of the nut. Comparing with Fig. 71, it will be 
observed that the gaps there lettered I are here inside the 




Fig. 74.— Kapp. 





Fig. 75.— Kapp. 



insulating cones, instead of outside. But this apparently small 
transposition of the gap is not without effect. It will be seeu 
that it makes all the difference between the circular arch prin- 
ciple of support for the segments, already alluded to, and a 
solid central bedding. For with the gap inside the insulation, 
as shown in Fig. 75, the segments are directly supported by 
the cones at either end, and so cannot fall inwards toward the 
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centre, and are, in fact, held at a certain rigid pitch or diameter, 
in the same manner as with Figs. 70 and 72. The washer 
rides on a shoulder of the nut, and so is centred on it. It may 
be noted further how that, in accordance with previous remark% 
owing to the adoption of an air space for insulation between 
the segments and the sleeve, and to the supporting of the seg- 
ments at the ends only, a large diameter may be, and is, 
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Fig. 76. — Paterson and Cooper. 
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Fig. 77.— " Westminster." 




Fig. 78. — Hopkinson. 

reached by simply increasing the diameter of the washer and 
head. 

Figs. 76 and 77 will be seen to have similar segments, and 
both differ from the remainder in that they have insulation 
under the ends of the segments only. They thus effect a com- 
promise in this respect between the first four designs and the 
second four we have illustrated. Bedding on the sleeve is 
secured without the expense of carrying this the whole length 
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of the segments, and so saving in both machinery and insula- 
tion is effected. This method of bedding may be effected 
with mica, folded round in narrow strips, and in very thin 
layers : for when very thin, mica is extremely pliable. In 
Fig. 76 a small washer of triangular section is used, which 
rides, however, on a shoulder on the nut, and so is 
centred. In Fig. 77 the washer rides on the sleeve, and is 
prevented from turning by. a pin let into the sleeve, as shown 
at t. The object of this is two-fold, inasmuch as it prevents 
any possibility of slewing the segments on tightening the nut ; 
and also it gives security for locking the nut by means of the 
screw u put through both parallel with the shaft as shown. 
Another simple method for securing the same ends is to cast a 
snug on the inner periphery of the washer, in such a manner as 
not to interfere^^with its being turned in the lathe, which shall 
engage between snugs or in a slot in the sleeve. For the evil 
of slewing the segments, caused by the washer going round 
with the nut (when not prevented), and taking the ends of the 
segments with it, is not an imaginary one ; though many 
makers rely for its prevention on the tight clamping of all the 
parts together during the process of tightening up the nut. 
A further distinctive feature about Fig. 77 is that it is put on 
the shaft without being held there by a nut or nuts at the end, 
A sufficiently stout steel screw is put in at the end of the 
sleeve projecting beyond the nut, as shown at v, experience, so 
far as we are aware, justifying this as quite enough. For as 
there is no conceivable force, at least such as could be antici- 
pated, apart from mere vibration, with a tendency to separate 
the commutator from the armature, there seems no reason why 
the simple screw should not be sufficient. This method is, 
however, not peculiar to the one type we illustrate. 

It is essential with all commutators that they be driven 
direct from the shaft. Hence we find in Figs. 76 and 78 that 
the sleeve is kejed to the shaft ; while in Figs. 66, 67, 71, 
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and 77 a steel pin is driven into the shaft, as at g^ for this 
purpose. The nuts, whether of gunmetal, wrought iron, or 
steel, are usually circular, with radial holes, or else rectangular 
notches in the rim, for the use of a tommy to tighten up with. 
But, as shown in Fig. 76, horizontal holes parallel with the 
shaft may also be adopted ; while two flats, one on each side 
the nut, for the use of a spanner, is another method. 
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CHAPTER XIIL 



COMMUTATORS.— CONNECTIONS WITH ARMATURE 
WINDING. 

This chapter vre propose to give to the consideration of some 
remaining items more or less independent of the interior con- 
struction of commutators. Some of the various methods in 
^hich the lugs are formed, and connection with the armature 
winding achieved, may thus engage our attention. 

As already intimated, the commutator lugs may be either 
oast in one with the segments, or they may be separate pieces 
soldered or brazed in. This latter has of necessity to be the 
method adopted when the segments are of rolled copper, except, 
perhaps, when, as in cases previously alluded to, the armature 
is wire wound, and the commutator large in proportion. The 
lugs when separate are frequently made of two strips of copper 
riveted together, opening out into a fork at the outer end 
to receive the winding 'end. This is shown herewith. Figs. 79 
and 80. The nitch in the segment receiving the inner ends is 
cut out with a small circular saw, which accounts for the 
rounded comer a. 

Figs. 81 to 83 are other variations. Here one strip only is 
used, bent over at the top as shown, so as nearly to enclose the 
winding end soldered into it ; and the inner end, instead of 
being received in a nitch, lies in a recess at the side of the 
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segment, which may, however, be cut with a saw the same as 
the nitch. It may be riveted to the segment as well as 



V« 



: 



Fig. 79. 



Fig. 80. 



soldered. A very common way, instead of enfolding the 
winding end when this is a bar, is to make a saw cut in the bar 

Fio. 81. 
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Fig. 82. 



Fig. 83. 



end to receive the outer end of the lug, as shown in Figs. 84 
and 85. The lug is then simply a straight strip of copper^ 
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received and soldered or otherwise fastened into a saw cut at 
both ends. In all cases, the outer end of the lug, beside being 
soldered to the armature bar, maj also, as already intimated, 
be either screwed or riveted thereto. 



ZJ OD 



Fig. 84. 



Fig. 86. 



A case where rolled segments may be combined with wire 
winding without the use of additional lugs is illustrated in 




Fig. 86. 



Fig. 87. 



Figs. 86 and 87 herewith. Qtmsi lugs are formed by turning 
a groove d in the segments. 



Fio. 88. 




Turning our attention now to cast segments, we find a 
common form in Figs. 88 and 89. Here very short lugs only 
are necessary, with wire winding, when, as in the previous 
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figures, the wire can easily be bent down to the smaller dia- 
meter of the conmiutator. In the case, however, of bar-wound 
armatures for heavy currents, where the bar ends cannot be 



y 



Fig. 90. 



Fio. 91. 



brought down, the lugs must then extend to the full diameter 
of the armature, as illustrated in Figs. 90 and 91. This looks 
very neat, the lugs being all turned up bright as well as the 




Fig. 92. 

brush contact surface. Fig. 92 is a variety where the lugs are 
sloped toward the armature. This has the advantage of allowing 
more room for the brush-holder, so that the brushes can bear 
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right up to the roots of the lugs. It also practically elimi- 
nates the short piece of single conductor bar that passes from 
the armature end winding to the lugs. For this piece, when 
the brush contact surface is not wider than one segment, 




Fio. 93. 



Fig. 94. 



has to carry the whole current when in series with the brush, 
and being only of a size adapted properly to carry but half 
the current, it would then offer a resistance. Generally, how- 
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Fio. 96. 



ever, this resistance is considered negligible owing to the 
shortness of the piece ; and the bar does not heat as it 
otherwise might, owing to the fact that it revolves in the 
open air, and so is kept cool. But another variety of the 
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same thing is shown in Figs. 93 and 94. Here, it will be 
seen, the lugs, instead of being carried out solid to the outer 
periphery, are considerably lightened, and open spaces left 
between them. This latter arrangement, especially when 
there is much difference between the diameters of the armature 
and commutator, must be decidedly more economical. For 
there is less metal and less insulation than in the former, and 
labour is saved in not having to machine or file up the sides 
of the lugs. Ventilation, moreover, is completely stopped in 
Fig. 91, but not in Fig. 94. A good example, however, of the 
method shown in Figs. 90 and 92 occurs in the case of the two 
commutators of the Elwell-Parker motor-generator, or con- 
tinuous-current transformer, already once alluded to. For here 
the commutators, especially the high-tension, are abnormally 
large in diameter. Fig. 95 illustrates a further method of 
connection, used in the case of the Hopkinson adaptation of the 
Hefner- Alteneck end* winding for drum armatures. Here union 
is made with the interior ends of the cross connections, instead 
of to the exterior. Hence a bar, screwed to the segments, and 
soldered or brazed or otherwise fastened to the ends of the 
involutics i i, is all that is required for the purpose. 
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SPARKING AT COMMUTATORS.— ELEMENTARY 
THEORY OF ELECTRIC SPARKING, 

The sparking that takes place at the brushes on a commu- 
tator is a subject that may now engage our attention in this 
and succeeding chapters. It is far, however, from being a 
matter of mere scientific interest to find out what may be 
the precise cause or causes of this peculiar phenomenon. For, 
as seen from a practical, not to say a mercantile standpoint, 
these scintillations, so brilliant to the eye, are none the less a 
manifestation of so much wasted energy, destruction of material, 
and loss in capital or dividends. A double object, therefore, 
each of weight, will attend any investigation into such a sub- 
ject ; and it is hence, with this purpose in view, that we may 
now proceed. 

At the outset of our task various preliminary questions 
occur, which will have presented themselves in times past, and 
doubtlessly still present themselves to the inquiring mind in 
detail. Thus, what are the exact reasons that brushes will spark 
in one position on a commutator and not another ; and why 
worse in one position than another ? Why do some dynamos 
always spark, but not others ? Or, again, why do dynamos 
sometimes spark, and yet at other times give no trouble in this 
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direction whatever ? While a yet further problem of some pre- 
sent day interest relates to the comparative absence of spark- 
ing in connection with the use of carbon brushes. 

A better solution of these and many other similar queries 
will be arrived at if wo endeavour in the first instance to 
attain some clear understanding on the subject of electric 
sparking generally, apart from that in connection with com- 
mutators in particular. For it is evident that, without a 
proper comprehension of the fundamental laws and facts, no 
really good and satisfactory understanding of more complex 
portions of the subject ultimately to be arrived at, will be 
possible. 

Thus a first necessary condition for any sparks is that there 
must be a difference of potential or electric pressure between 
two bodies, for a spark to pass from one to the other ; and 
such a spark will then flash from the body of higher potential 
to the lower. 

We may now, however, submit electric sparks to a sub- 
division into five distinct orders. These are as follows : — 

(1.) Statical disruptive sparks. 
(2.) Induction disruptive sparks. 
(3.) Self-induction disruptive sparks. 
(4.) Continuous flame, or voltaic arc. 
(5.) Continuous disruptive discharge. 

The above classification, it will thus be observed, is based on 
differences, partly in the effects and partly in the causes. We 
may briefly review these orders separately, before more fully 
studying them in a greater or less measure conjointly. 

The first is distinguished by the fact that it occurs with 
statical electricity : that is, the electricity which is produced by 
friction between various substances, such as glass and silk 
or fur, and resides on the surface of the charged bodies. 
Two bodies thus charged respectively with positive and 
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negative electricity, or one of them not charged at all, being 
brought near together, a disruptive spark will flash between 
them without their being in contact. 

A spark of the second class takes place in connection with 
current electricity, such as is generated by a chemical battery 
or a dynamo. It is of high voltage and is disruptive, and, like 
the first, requires no previous contact of the objects between 
which it passes. 

The third, or self-induction spark, is also the result of 
current electricity, and a high electromotive force between 
the terminals. It is likewise disruptive, but only follows after 
previous contact. 

The fourth in our classification, or voltaic arc, is a further 
phenomenon in connection with current electricity. It is 
preceded by a spark of the third order ; but is then depen- 
dent on the electrodes not being parted by too great a gap 
in proportion to the strength of the current and its potential, 
principally the latter. This latter condition being observed, it 
has the peculiarity that it continues over a gap too great for 
the normal potential to send a spark across, in the well-known 
manner exemplified by the ordinary arc lamp, and contrariwise 
to the complete cessation of their being, and the infinitesi- 
mally small fraction of time occupied by a spark of either the 
first three orders. 

The continuous discharge forming our fifth order is a simple 
effect in current electricity, where there is a normal very high 
potential difference between the electrodes. It is disruptive, 
and requires no previous contact. 

We may now, however, subject the above to a more complete 
analysis, taking the various orders into consideration, not only 
separately, but as intimated, also in conjunction with one 
another. Thus, statical electricity, besides residing on the 
surface, for instance, of jars or brass knobs and so forth, is of 
extremely high potential — it may be of hundreds or thousands. 
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of volts ; while the current, if it may be said to have any 
in passing from one object to another, may only be a minute 
fraction of an ampere. A peculiarity, moreover, of sparks of 
this class, even when of great length, and so of great potential, 
is that they have but little effect on the electrodes they 
play between, such as the brass knobs of a frictional electrical 
machine, which only become slightly tarnished. But they are 
far, however, from being necessarily harmless : for these sparks 
have this further peculiarity, that they are destructive to any 
dielectric substance that may be between the electrodes, in the 
sense that they can pierce or break and rupture any such object. 
Thus a spark may be made to pierce not only the air, but, 
with a sufficiently high potential difference between the elec- 
trodes, also glass, paraffined wood, ebonite, or other such 
materials. Hence the term " disruptive," as applied to this 
kind of spark. It is in this direction, indeed, that the de- 
structive effect of lightning is probably to be found. For while 
a cloud may be a body heavily charged with statical elec- 
tricity, say positive, the true negative will be the damp interior 
of the earth. Objects projecting above the ground, such as 
trees and tall chimneys and so forth, are for the most part 
dielectric, though perhaps not entirely so, especially in so far 
as they contain moisture ; but in so far as they are dielectric, 
the large disruptive spark known as a " flash of lightning " has 
a destructive effect on them in its endeavour to pass by their 
means to its true negative in the body of the earth ; while a 
good conductor, such as a copper rod extending from the 
summit of the erection down well into the earth, will not en- 
counter the disruptive qualities of the discharge, and so will 
escape damage. 

Passing the second and third of our orders for the time being 
in this more particular review, we may now glance at our fourth 
order — the arc. Ab a clear conception of the production and 
<}ontinued generation of this form of electrical flame will tend 
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to a good understanding of our subject as a whole, we may con- 
sider it with more or less thoroughness. In the first instance^ 
it has to be borne in mind that the carbons in an arc lamp form 
part of what is termed a " circuit." That is, the electric cur- 
rent, starting from some generator, is conveyed by a conductor 
(say, a copper wire) to one carbon; it thence passes to the other 
carbon, and back by another conducting wire to the negative 
terminal of the generator. In this case, moreover, at least 
with " continuous " currents, the electricity passes through the 
interior of the conductor, in contradistinction to the manner 
of the statical electricity, which lies on the surface. With 
the latter, a "circuit" as above described is not necessary; 
for there it is a pure case of two bodies charged at dif- 
ferent potentials, of which, when they are brought sufficiently 
near, or are connected, the one higher charged will discharge 
into the lower one, so that both become of equal potential. 
This may be likened to the case of two tanks of water at dif- 
ferent levels ; when connected by a pipe the water in the higher 
one will flow into the lower till both are of the same level. But 
there is nothing of the nature of a circuit ; and when the water 
in both is of the same level, the action ceases. Current elec- 
tricity, on the other hand, may be compared to the case of 
hydraulic distribution of power, wherewith the water is pumped 
by engines into a series of pipes which convey it to various 
points where its energy may be utilised, as for working lifts 
and hoists, and thence bring it back to the suction of the 
pumps once more. It may be brought back to the pumps, that 
is. For after having been used, it can be run to waste, or re- 
turned to the earth instead, and fresh water be pumped into 
the pipes. The earth may then be said to be the return half 
of the water circuit. For as the used up water is returned to 
the earth, so is the fresh water drawn originally from the earth. 
It is thus also with electric currents, though in practice only 
with weak currents, such as are used for telegraphing purposes. 
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The return half of the circuit may be the earth instead of 
another wire or " lead." 

Eeverting, however, to the arc, we find the explanation of 
this phenomenon, which we take from Prof. Silvanus Thomp- 
son's "Elementary Lessons in Electricity and Magnetism" 
{though we use our own words), to be as follows : — On the 
carbons being duly connected up in a circuit as described, 
they are first allowed to be in contact at their points. 
A current, which experience shows should not be less than 
^ amperes as a minimum, or at a less pressure than 40 or 
^0 volts, is started through the circuit. The carbons are 
then drawn slightly asunder. At the first instant a self- 
induction spark of the third order of our classification, to be 
•dwelt on later, flies from the positive carbon to the negative. 
This is accompanied by great heat due to the current, which 
volatilises into gas some particles of the opposing carbons. If 
now the carbons be drawn not too far apart, this gas will form 
a conductor for the current from one electrode to the other. 
The precursory self-induction spark being spent, and the cur- 
rent now flowing continuously through this gas, intense heat 
is developed owing to the high resistance of the latter. This 
oauses the points of the carbons to become white hot, 
whence arises the light. They are thereby also slowly con- 
sumed ; and it is to be noted that the positive carbon, or that 
from which the current flows, bums down at twice the rate 
of the negative. The current flowing continuously through the 
gas from one carbon to the other, in appearance like a blue 
ambient flame, thus forms what is known as the voltaic arc. 

A marked difference will thus here be noted between the arc 
and the disruptive spark already enlarged on. For, contrary 
to the case of the spark, the electrodes are here distinctly sub- 
ject to destruction. A body between the electrodes — thsCt is, 
within the arc — will also be destroyed, however, though not by 
any form of disruption as with the spark. But the intense 
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heat of the arc will burn, melt, or volatilise, almost if not quite 
-every known substance. 

Now, as explained, the arc is immediately preceded by, and 
has for one of its own pre-existent causes, a spark of the third 
order. To this latter, and the second order, we may now give 
•our attention. Induction and self-induction sparks, like those 
of the first order, are disruptive. But they differ from the 
first, not only in being effects of current electricity as inti- 





FiG. 96.— Elementary CoiL 



Fig. 97.— Induction Coil at "Make.** 



mated, but further in that they have their origin in magnetitnu 
This we may now proceed to make more clear. 

It is well known that if a coil of wire be made as shown in 
Fig. 96 herewith, and a current of electricity be sent through 
it, a magnetic field will be formed within the coils. If the 
direction of the current be as indicated by the arrow heads, 
then, according to Ampere's well-known law, the polarity of the 
£eld thus formed will be as also shown by the letters N and S. 
Should the current be reversed, the poles will also be reversed. 
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Moreover, on an iron bar being enclosed within the coil as de- 
picted, the magnetic effects will be still greater, owing to the 
iron having a much greater magnetic permeability than air. 

In Fig. 97 are shown two coils, one within the other, 
having a common centre line, and also enclosing an iron core. 
Now, especially when an iron bar is enclosed as represented, 
a farther effect may here be realised. This is, that if a suddeti 
current be sent through one of these coils, say the interior 




Fuk 9a— Induction Coil at '' Break. 



one, it will induce a sudden current running in the opposite 
direction in the other coil. Further, on suddenly breaking the 
primary current in the interior, a sudden current will again 
be induced in the outer or secondary coil, but this time in 
the same direction as the primary current, as shown in Fig. 98. 
In Fig. 97 the induced secondary current tends to produce a 
polarity opposed to the polarity of the primary coil, as shown 
by the small and large letters ; while in the case of Fig. 98, 
the secondary polarity augments the primary. But the point 
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immediately to be arrived at, is that this secondary current 
is purely a magnetic effect — ^that is, a result obtained through 
the intervention of magnetic induction. On this we may yet 
further enlarge. 

In Figs. 99 and 100 is shown a simple armature coil in a 
field between two poles N and S, which may be revolved 
about an axis x y. Now, in Fig. 99, where the coil is shown 
quite vertical, and so with its plane normal to the lines of 
force running from N to S, if the coil be rotated in either 
direction, by which motion the number of lines of force it 
encloses is being diminUhed^ a current will run round it 




Fig. 99. — Lenz's Law Illustrated in Elementary Dynamo CoiL 

as shown by arrow heads. Its polarity also (as in Fig. 96) 
will be as indicated by the small 8 and n. In the case of 
Fig. 100, however, the coil is represented by the curved arrow 
as rotating from a horizontal position to a vertical. It is thus 
increasing the number of horizontal lines of force that can pass 
through it. The result is that a current will course roimd it, 
but in the opposite direction to that in Fig. 99. Now, a point 
to be noted is that in Fig. 99, the n and b poles of the coil are 
-attracted by the respective N and S poles of the field that they 
t)ppose, and hence will offer opposition to the rotation of th« 
kx)il. In Fig. 100 also, it will be seen that in conjunction with 
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the direction of rotation, the s and n polea of the coil are being- 
brought nearer to the S and N poles of the field, from which 
they are naturally repelled. Hence here also there is opposi- 
tion to the revolution of the coil. The opposition to the 
rotation, which in these cases is the necessary cause of the 
current in the coil, and so of the polarity of the coil, thus 
illustrates Lenz's law, that any primary canae for an induced 
dectric current prodtices effects which tend to eliminate stick 
primary cause. 

We may now return to Figs. 97 and 98. It should be mentioned 
first that the iron core is supposed to be without magnetism 



& 




Fig. 100. — Lenz's Law Illustrated in Elementary Dynamo CoiL 

when there is no current flowing round it. In Fig. 97 we find 
the sudden influx of the primary current causing the lines of 
magnetic ii^duction within the core to rise in number from 
zero up to a certain, maximum. This increase in the lines of 
magnetism is now the real cause of the current generated within 
the outer secondary circuit, running round in the opposite 
direction to the primary, as shown by the arrow heads; pre- 
cisely as an increase is a cause of such an effect in Fig. 100^ 
The result of this, again, is that the secondary current tends 
to produce poles s and ti, which are contrary to the primary : 
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that is, to eliminate the very influx of magnetism by which 
the secondary current is itself called into existence. 

Now, while the primary coil may be of a few turns of stout 
wire, the secondary may be of a large number of turns of fine 
wire. The potentials of all the turns of the secondary being 
accumulated, forms an enormously high total electromotiye 
force between the ends of the secondary, brought near together 
as at g. This distance not being disproportionate to the 
electromotive force, a disruptive spark will strike across in 
the direction of the arrow heads at the instant of the sudden 
increase of the magnetism of the core. The primary current 
continuing steady, and there being no further alteration of the 
magnetism of the core, there will be no continuance of current 
in the secondary, and nothing more will happen except that 
the full strength of the primary current and the polarity of the 
core become established after the cessation of the resistance 
thereto offered by the secondary. But if the primary circuit 
be now suddenly broken, there will be an immediate decrease 
of magnetism in the core, from maximum to zero. This will 
cause a current to flow round in the same direction as the pri- 
mary, as shown in Fig. 98, contrary to the manner in Fig. 97. 
A disruptive spark will fly across at g again, but in the opposite 
direction to that in Fig. 97. The secondary here will cause a 
polarity identical with that of the primary. It hence tends to 
maintain the primary polarity, while it is to the very fact of 
the deer easing of this magnetism that it owes its own existence. 
We thus see in these two cases a still further exemplification of 
Lenz's law as above enunciated. 

Now, the sparks that take place at the gaps g in Figs. 97 and 
98 are induction sparks pure and simple, such as belong to our 
second order. They are disruptive, and would do more damage 
to a dielectrical substance in the gap than to the terminals at 
either side. As explained, their electromotive force would be 
very high, and the current extremely small. The potential 
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difference, however, between the terminals will depend, as in the 
case of an armature winding, on the number and on the rate of 
the increase or decrease of magnetic lines, and on the number 
of turns in the secondary coil. Thus, with a given rate of 
making or breaking the primary circuit, a compound coil, large 
in diameter so as to enclose many magnetic lines, and with 
a great number of convolutions in the secondary coil, will 
obviously generate a much higher electromotive force than one 
of smaller size, and with fewer turns in the secondary. Trans- 
formers, or converters, as they are variously termed, exemplify 
this kind of induction. A low tension aliemaUng large current 
in the primary coil, consisting of a small number of turns of 
thick wire or copper bar, induces an alternating high tension 
small current in the secondary, having a large number of turns 
aifine wire ; or vice versd. The resistance caused by the fine 
wire, it will be noted, keeps the secondary current small, 
though its electromotive force may be high. In the high-ten- 
sion experiments by Messrs. Siemens Bros, and Messrs. Swin- 
burne and Co., at the Exhibition at the Crystal Palace in 1892, 
wherewith pressures of 50,000 and 130,000 volts respectively 
were attained, it was in this manner that such results were 
arrived at. Powerful disruptive sparks were emitted between 
electrodes ; while owing to the presence of an appreciable cur- 
rent also, enormously long arcs, 2ft. or so in length, could be 
maintained. It is further to be noted here also, that owing to 
the normal potential being already so high, preliminary contact 
between the carbons was not required. The precursory spark 
of the arc was of our fifth order, and not our third order, as is 
usual with the arc. For here, on the carbon points being 
brought within about 3 inches of each other, the current would 
immediately leap across, after the manner of that order, with 
which we shall deal in due course. 

As we have stated, however, the above refers to induction 
sparks only, which are caused in a different circuit to that of 
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the primary. But sparks similar in nature, and based on the 
same laws, may be obtained in the primary — that is, within 
any circuit itself. Such sparks, with cause and effect taking 
place within the same circuit, are the result of what is called 
the self-induction of that circuit, and we may hence style 
them self-induction sparks. These, forming the sparks of our 
third order, may thus now engage our attention. 
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CHAPTER XV. 



SPARKING AT COMMUTATORS.— SELF-INDUCTION 
AND ELEMENTARY THEORY CONTINUED. 

Fig. 101 shows diagrammaticallj a complete circuit, including 
a coil with iron core. A generator is indicated at a, and a 
gap which can be closed at g^ while for the present the dotted 
line c c may be disregarded. Now, a current flowing steadily as 
represented by the arrow heads, will cause the same polarity 
of the coil here as in Fig. 96 ; though this would of course be 
only when the gap g wad closed, as otherwise the circuit would 
not be complete. Let it now be imagined that in the first in- 
stance the gap g is open. There will then be no current flowing, 
and so no lines of magnetism within the coil. Suppose, then, 
the gap to be suddenly closed. We may note the immediate 
effect. A sudden generation and increase of lines of magnetic 
induction will take place within the coil, which will exercise a 
counter tendency to make the current flow round the coil in 
the opposite direction to that shown. It will thus momentarily 
retard the full establishment of the normal main current. But 
the full current becoming at length established, let the gap g 
be suddenly opened. The result will be a cessation of the 
main current, with consequent decrease of magnetism within 
the core. But a sudden decrease of magnetic lines will cause a 
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current to flow round in the same direction as the main cur- 
rent. Hence at the moment of breaking contact, the main 
current is reinforced with more or less strength and difference 
of potential, according to the dimensions of the coil and the 
rapidity of the break. In consequence, a disruptive spark, due 
to the sudden and great increase of potential between the oppo- 
sing ends, will take place at ^, leaping across in the same direc- 
tion as the main current, as in Fig. 98. Yet further, inasmuch 




Fig. 101. — Diagram Illustrating Self-induction. 

as we are dealing here with the main current itself, and not 
a secondary, if the points at g (Fig. 101) are not pulled too 
far asunder, the current may continue crossing the gap as an 
arc^ in the manner already described. It is to be noted that in 
the cases of Figs. 97 and 98 these self -inductive retardations 
do actually take place in the primary coils; and while 
induction sparks are produced in the secondary, self-induction 
sparks may be produced at the moment of break in the 
primary. 
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We thus find in the case of a self-induction spark the 
effect of Lenz's law again. For the momentary counter cur- 
rent tends to retard the cessation of the main current, although 
it is the very act of this cessation to which the counter current 
and the sparks owe their existence. But, as already intimated, 
these induction and self-induction efifects are entirely due to the 
intervention of magnetism. It is thus that the phrase " elec- 
tric inertia " is not a safe one to use instead of " self-induction." 
It is not the inertia of the current per se that causes it to fly on 
after a break of contact, and cross the gap in a spark. A high 
electromotive force may accumulate at the positive electrode 
at the break ; but this is not, correctly speaking, analogous 
to the high-pressure that may occur behind a valve in a pipe 
containing water flowing under pressure, when it is suddenly 
closed. In this latter such pressure is due to the momentum 
of all the water behind the valve, which is suddenly brought 
to a stop. Momentum implies weight. But there appears to 
be nothing whatever of the nature of weight in the electric 
current. Hence the cause or causes of effects manifested by 
an electric current that might seem due to something like 
momentum must be looked for in an earlier state of things. 
This is made clear by the fact that if the wire circuit, as in 
Fig. 101, be pulled out so as to form a simple circuit with- 
out any coils in it, and with the iron core also absent, there 
will be scarcely any self-induction left; and on breaking the 
circuit at the gap there will be little or no spark, although the 
actual total length of the wire is unaltered. Thus the absence 
of any accumulation of electromotive force at the positive elec- 
trode in this latter case, shows that there is not anything akin 
to momentum in the electric current, as with the flowing water 
suddenly stopped by the valve. With the coils it is a pure 
case of a sudden generation of an extra electromotive force in 
accordance with the laws of magneto electricity, already dwelt 
on. This newly-generated electromotive force, impelled by the 
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magnetic forces to which it owes its origin, rises to so high a 
potential in the positive electrode at the moment of break — ^it 
may be to some hundreds or thousands of volts — ^that it is able 
At the instant to send a disruptive spark through the air and 
jusross the gap in the manner described. 

We may turn now to the fifth order of sparks which we 
ihave assumed. It has been stated that the sparks of the first 
three orders are the efifects of a high potential difference 
between the electrodes ; though in the second and third orders 
this will be higher than normal. Our classification is, however, 
based on the causes rather than on the effects themselves. 
Thus, our fifth order of sparks are those that result from a 
high potential of the normal or main current itself, without 
;any magnetic or other augmentation. It is again an effect of 
•current electricity. Two electrodes, for instance, in a circuit 
•^of either continuous or alternating current electricity, of say 
10 amperes and 20,000 volts pressure, if held a few millimetres 
apart, would have a continuous disruptive discharge passing 
between them from positive to negative, and that vnthyut pre- 
viouB contact. This latter characteristic thus alone would dis- 
tinguish it from an arc. But their brilliancy, as compared 
with the low luminosity of the arc, that is, of the arc itself, 
•disregarding the intense light from the white hot carbons, and 
the absence of the intense heat of the latter, together with a 
difference of the sound produced, would form further distin- 
guishing features. This fifth order, moreover, is not to be con- 
founded with the stream of sparks that may be obtained from a 
Ruhmkorff or other induction coil. For these latter belong to 
our second order, having for their cause magnetic generation. 

This continuous disruptive discharge of our fifth order, and 
indeed all disruptive discharges, have however a yet further dis- 
tinct difference from the arc. This is, that they take the most 
straight and direct course to the negative. An arc, especially 
of any length, is easily made to take a circuitous path ; as, for 
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iustance, in the experiments by Messrs. Siemens Bros, at the 
Crystal Palace, already alluded to. For here the electrodes, 
instead of being held the one vertically over the other in the 
usual manner, were held level with each other in the same 
horizontal plane. Being also about a foot or 18in. apart, the 
arc then rose from the one 18in. or 2ft. upwards, coming down 
again to the other electrode, thus forming the shape of a horse^ 
shoe or arch. Yet this great divergence from the straight line 
to the other electrode was chiefly caused by the air draught 
due to its own heat and the mutual repulsion of its 
different parts. The arc, moreover, in this case, was not 
of a smooth regular form like, for example, a rainbow, but 
waved and oscillated, and behaved in a manner that may be 
better likened to an arched blue flame of fire. The rupturing 
character, on the other hand, of the disruptive discharges, is 
entirely due to their intense proclivity to adopt a straight 
course. Hence, rather than be turned aside by any obstacle 
that may be in the way, they prefer to break it up or pierce it, 
and so attain their desired consummation. 
. Our attention may now be directed to some special points. 
We have spoken of disruptive sparks and arcs, of current, 
and electromotive force, or potential. Some effects in parti- 
cular, however, may be noted. When dealing with the for- 
mation of the arc, we mentioned the great heat as being 
due to the current. A high voltage, with or without much 
current, produces on communication what is called a ** shock," 
best made analogous perhaps to a vibration more or less 
terrific, according to its strength. But the current bums. 
A large current at a very low voltage will produce scarcely 
any "shock," but may produce great heat. This latter, 
however, depends on there being a resistance to its flow. A 
resistance being offered, the work done in overcoming it is the 
immediate source of the heat that will be manifested. If there 
he little or no resistance, there will likewise be little or no heat. 
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Now there is always some heat with every kind of spark; 
but the point we wish to arrive at may be made more 
clear perhaps thus. Suppose an animal is to be killed by 
electricity. It may be put in a circuit with a high voltage 
and small current, say 20 amperes at 2,000 volts. On switching 
on the current, it is struck dead instantly by the *' shock'' 
due to the high potential ; while the body subsequently may 
show no signs of burning, for it will not have ofifered su£Gi- 
cient resistance for the small current to take efifect. On the 
other hand, if intense heat be desired to bum or melt any 
otherwise refractory substance, large currents are required. 
Thus, we find in the case of electric smelting furnaces, wherein 
the intensest heat is obtained by means of the arc, that 
extremely large currents of even 12,000 or 14,000 amperes are 
used : while there may be only an electromotive force of 30 to 
60 volts. Thus we observe that it is to the presence of current 
that heat is due in an arc, with all its concomitant effects, 
such as burning, melting, and volatilisation ; and it should be 
noted that the resistance that gives rise to the heat is not that 
due to the substance being acted upon, but to the arc itself : 
hence the comparative lowness of the electromotive force. 

We have already dwelt on the destruction of the elec- 
trodes of an arc. This, however, is not the only source of 
expenditure in either material or energy. For it is supposed 
that a back electromotive force is set up in the arc, which 
impedes the flow of the normal main current. Hence, besides 
the energy necessary to overcome the resista^ce of the gas 
which is the product of the volatilisation of the carbon, energy 
is also spent in overpowering this back electromotive force. A 
complete theory of the arc would, however, appear to be want- 
ing. But at the British Association meetings in Edinburgh 
in 1892, a Paper on the subject was read by Prof. Silvanus 
P. Thompson (see The Electrician, VoL XXIX., p. 460), should 
any feel interested in knowing more. Further, however, whei^ 
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considering the arc and its generation, we have observed 
.that it is commenced by a disruptive spark, which may 
be of either our third or fifth orders, accompanied by great 
heat, due principally, as we now find, ta the presence of the 
current : for a statical electric spark, wherewith there is 
practically no current, does not cause much heat. A further 
point, however, to be noted, is the extremely small amount of 
time occupied by a disruptive spark. This is^ in fact, infini- 
tesimal ; the time taken by so great a disruptive spark as a 
flash of lightning being at the most only about the hundred 
thousandth part of a second. 

We have now reached that stage in our progress, however, 
when we may bring the above to a practical bearing. Thus we 
may consider what happens on the opening of an electric switch 
such as is in common use. When this is done, usually a flash 
is seen. Moreover, the switch may so be held that an arc is 
maintained between the moving tongue or contact piece and 
the fixed contact piece. But allowing it to be opened quickly, 
even by the means of some spring snap arrangement, the open- 
ing will still take a very appreciable amount of time com- 
pared to the extremely small period required for the spark. 
No switch could endur6, whereof the moving parts moved with 
a speed even approaching that of a flying bullet. 

The upshot, hence, in the case of a flash seen at the opening 
of a switch, is that, whereas this may have for its commence- 
ment a self-induction disruptive spark of our third (or fifth) 
order, the remainder of the flash will be a momentary arc due 
to the current ; and the greater the current, the greater will be 
the deflagration.* 



* This point of the brilliancy of the flaah, or the deflagration, depending 
on the quantity of the current, and also that of the intensity of the shock 
depending on the E.M.F., may be found fully discussed in the earlier part 
of Chapter IV, of Prof. J. A. Fleming's book on " The Alternate Current 
Transformer,*' Vol, I. 

L 
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Now we found when examining the arc between two carbons, 
that the precursory spark volatilised some particles of carbon; 
that is, heated them so intensely as to turn them to gas. 
Further, we noted that on the establishment of the arc both 
carbons were burnt, owing to their oxidisation in the air ; but 
the positive carbon at twice the rate of the negative. Now, 
metals will volatilise more easily than carbon ; and moreover, 
they also oxidise when heated and exposed to the air, even 
when not fused. Hence, in the case of the flash seen with 
the switch, and drawing our inference from the arc between 
two carbons, we find that both contacts are exposed to destruc- 
tion. Firstly, some of the metal will be volatilised by the 
precursory spark ; and secondly, the positive contact will be 
burnt and oxidised away at twice the speed of the negative 
by the following momentary voltaic arc. This, however, 
assumes an ordinary current, such as may be large enough to 
maintain an arc, and an ordinary electromotive force of but a 
few hundred volts at the outside. In the case of very high 
voltages, and a current too low practically for an arc, the flash 
on the opening of a switch would be a momentarily continuous 
disruptive discharge of our fifth order. Both contacts may con- 
sume away somewhat, owing partly to their oxidisation on being 
heated and partly by volatilisation. But returning to the case 
of a switch in a circuit where there is an appreciable current, 
we find this peculiarity, that, inasmuch as in point of the time 
taken by the flash by far the larger proportion is occupied by 
the arc, it is the arc that works .the greater destruction, chiefly 
to the positive electrode. 

Having thus far entered into the subject generally, we may 
now perhaps consider ourselves the better prepared to examine 
with some closeness what is our main subject — the sparking 
that takes place at the brushes on a commutator. 
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SPARKING AT COMMUTATORS.— THE ELEMENTARY 
PLANES THROUGH COMMUTATOR AND ARMATURE. 

Commencing now to give our attention to the sparking that 
takes place at commutators particularly, it may be well if at 
the outset we consider what are the conditions that usually 
obtain with a commutator of a well-made dynamo. For 
simplicity's sake, we will refer only to the case of an ordi- 
nary two-pole machine, of a closed-coil type. Such a case 
is represented diagrammatically in Fig. 102 herewith. It will 
be observed that a horizontal field is shown, with the north 
pole-piece on the right-hand side, and the direction of rotation 
of the armature as indicated by the curved arrow; and, to 
avoid confusion, we will assume these conditions throughout. 
The commutator segments are denoted by the letters c c, and 
the radial lines bb indicate the coils or sections of the armature 
winding, which may be either drum pr Gramme, and short 
intervening radial lines represent the lugs connecting the 
winding to the commutator. 

Nowy it was explained in connection with the armature 
winding in our first chapter, that in the course of the genera- 
tion of current and electromotive force under the above con- 
ditions, the coils of the armature winding which are nearly 

or quite horizontal, as at t(^ a;, generate the most potential; 

L 2 
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for they are here including or excluding the horizontal 
lines of force of the field at the greatest rate. Hence each 
segment of the commutator connected to coils in this position 
will have its potential raised above that of the one below, by 
an amount equal to the potential gathered by the coil or 
section of winding that connects them. Thus there will be a 
maximum potential difference between adjacent segments at 
the sides w and x. But the coils that lie in planes nearly or 




• Fig. 102. — Diagram showing Commutator, Armature Winding and Field. 

quite vertical, as bX, y z^ are practically not including or 
excluding lines at all : hence they generate no potential. Con- 
sequently, there will be a minimum, or practically no poten- 
tial difference between their commutator segments; and the 
potential difference between any two adjacent segments will 
increase as the plane of their connecting armature coil leaves 
the position normal to the lines of force of the field and 
approaches a position parallel to them ; and vice versd. » Never- 
Itheless, on one side of the commutator, say at the top, there 
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will be a maximum potential, and at the lower side, a minimum 
potential 

Now, a plane through the axis of rotation, also containing 





Fig. 103.— Plane of Coil between Fig. 104.— Plane of Coil Cutting 

two Commutator Segments. through one Commutator SegmentT 

the coil, or section of the winding, connected to the segments on- 
whicli the brush rests, is known as the "plane of commutation.'*; 
For it is herein, as the armature coils successively arrive into it,. 
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that they change the direction of the current within them, or 
are '[ commuted." It needs to be clearly understood, however, 
that this plane appertains to the armature winding only. The 
segments of the commutator may lie in or about the same plane 
as the coils to which they are connected, as in the case of 
Gramme winding ; or with drum winding (approximately), when 
the parallel conductor bars on the armature run straight out 
to the lugs of the commutator. Or the segments may be 
at right angles to their connecting armature coils, as with drum 
winding, when the connection with the commutator segments is 
made from the interior of the end-winding — ^that is, from the 
middle of the cross connectors, instead of from their exterior 
ends. This interior connection was exemplified by the Hop- 
kinson and Eickemeyer end-windings illustrated and described 
in Chapters VI. and VII. Figs. 103 and 104 will, however, 
make the matter yet more clear. In both of these a 6 is an 
armature coil seen endways, extended in a plane x y. But in 
the former we find this plane cuts exactly between the segments 
r and 8 to which the coil is connected: while in Fig. 104 it cuts 
through the segment s. The latter is perhaps more usual in 
dynamo construction. 

It is from this point, however, that we shall now need some- 
what to enlarge. Having thus far made allusion to what is 
termed the plane of commutation, it will be necessary to 
expatiate more fully in this direction.* For in order to arrive 
at a good understanding of our subject as a whole, we may 
assume five other such planes. These, together with the plane 
of commutation, may be enumerated as follows : — 



* This subject is discussed in Prof. Silvanus P. Thompson's ** Dynamo- 
Electric Machinery ** (pp. 82 to 86 : fourth edition). We have ventured, 
however, to carry the analysis still further, and to put the subject, as it 
were, under a greater power of the microscope. Points, we trust of interest, 
may thus be made to appear, not otherwise discernible. 
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•(1) The plane of commutation. (On P in the diagrams.) 

(2) The neutral plane, or plane of non-sparking. (NP.) 

(3) The plane of requisite reversal. (R R.) 

(4) The plane of maximum E.M.F. through the commutator, 
<M'M'.) 

(5) The plane of maximum E.M.F. through the armature, 
<MM.) 

(6) The plane of cessation of force. (C F.) 

We thus discover here six different planes — each of which 
possesses its own special characteristics. So many may perhaps 
appear confusing, yet their elucidation is not difficulty and may 
at once be undertaken. 

At the outset, hence, it is to be remarked that the first three 
planes are entirely concerned with the currmty and the re- 
maining three with the potential alone. One in each set of 
three, (2) and (4), appertains to the commutator^ and the other 
four to the armature. In the accompanying diagrams, Figs, 
105 to 108, these planes are indicated by lines having the 
letters assigned to each in the above enumeration ; and for the 
fiake of simplicity, the assumption in these diagrams is that, as 
in Fig. 103, the plane of the'coil cuts the edge of the receding 
segment r. We may now proceed briefly with their several 
definitions. 

The first, or plane of commutation, already slightly touched 
on, may thus be more precisely described. Inasmuch as the 
act of the reversal of current in a coil cannot take place — that 
is, from full strength in one direction to full strength in 
the other direction — without some expenditure of time, however 
email, this plane of commutation may be considered as occu- 
pying that position wherein the coils, as they arrive into it. 
have an infinitesimally small amount of the reverse curretit 
commencing to flow in them. Practically, this is, of course, 
tantamount to saying that it occupies a position where ther& is 
no current in the coils. Further, however, it has to be under- 
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stood that this plane is not a fixed element in the dynamo ; 
for its position is governed by the brushes, which are movable. 
This is illustrated in Fig. 106, which shows the planes as they 
become arranged when the brushes are shifted back. It will 
be observed that the Cn P plane follows the brushes, though 
with some degree of elasticity, inasmuch as it now passes 




Fig. 105. — Armature Planes. Positive Lead to Brushes. 



through the points instead of the heels. This latter incident 
will, however, be explained in a future Chapter (XX.), 
We have italicised the word current above, for indeed this com- 
mutation of current is not to be confounded with a change of 
electromotive force^ which is a distinctly different matter. This 
latter phenomenon is a characteristic of the sixth plane, to 
be dealt with presently, and, as we shall see, the current in a 
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coil may flow quite counter to the electromotive force of that 
coil. 

Now, whereas the plane of commutation had to do with the 
armature coils, the neutral or non-sparking plane, the next in 
our order, has to do with the commutator. This is indicated 
by the letters N P in Figs. 107 and 108. As its name implies. 




Fia. 106.-^ Armature Planes. Negative Lead to Brushes. 

it is that plane through the axis of the commutator, which 
contains the line on each side, where, if the brush points 
are resting there, no sparking occurs. Unlike the last, it is an 
inyariably Jixed element in a dynamo — that is, normally and 
with a steady load. It does not move with the brushes, but 
contrariwise, has to be found by shifting the brushes to and fro, 
and so by experiment noting the position where no sparking 
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takes plaoe. Of course, in some dynamos tbere is no such 
position, or at the best^ only a point of minimum sparkiqg. 
But to tihis we shall return. 

The third plane, or plane of requisite reversal, though dis- 
tinct from, is yet intimately connected with, the neutral plane. 
For when a brush is at the non-sparking point on the com- 




,lM' 
Fig, 107. — Commutator Planes. Brushes at Noii-Sp«rking Points. 

mutator, this third plane is that occupied by the coil which 
connects the segment that is in the act of receding from the 
brush point with the immediately following segment on whidi 
the brush rests. Similarly to the two foregoing, the current 
alone is here concerned; and it will be perceived that this 
plane is an element of the winding* It is also a normally 
fixed plane, and lettered E E in the diagrams. As regards its 
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fixity, in fact, it accords with the neutral plane of the commu- 
tator : and, depending entirely on construction and the method 
of connecting up the armature winding with the commutator, 
it might coincide with the neutral plane. This latter, however, 
would only occur when, as in Fig. 103, the plane of the oOil 
divides the two segments to which its ends are connected, or, 




Fig. 108. — Diagram showiDg all Planes, "with Brushes at the sides. 



more accurately, when it passes through the edge of the re- 
ceding segment r, as shown. Otherwise, the two planes will be 
distinct, though at a mechanically fixed and invariable angle 
with each other, as illustrated in Fig. 104, where wz may 
represent the neutral plane, passing through the edge of seg« 
ment r, and at a fixed angle with the plane of the coil xy*^ and 
also exemplified by the angle j8 in Fig. 108. It is necessary 
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to postpone a further explanation of this third plane, however, 
until we cati bestow more ample attention on it in the uext 
chapter. 

We now come to the consideration of the last thr^e planesf, 
which have to do simply with the potential. The first of ; 
these, No. 4 in the enumeration, is an element of the commu- , 
tator, as already intimated. It is represented in Figs. 107 
and 108 by the line M' M', and is that plane through the axis 
of the commutator which contains the points on either side 
where there are respectively the maximum and minimum 
potentials. When the brushes are at the non-sparking points, 
then this fourth plane would lie behind, as shown in the dia- 
grams. It is normally a fixed element not movable directly with 
the brushes, and with a steady load, should not vary in position. 

We now arrive at the fifth in our order, the plane of 
maximum electromotive force through the armature. This 
applies to the armature, as the fourth applies to the commu- 
tator. It is indicated by the letters MM in the diagitims. 
When the brushes are at the non-sparking points on the 
commutator, this plane would come more or less behind the 
plane of commutation, and consequently still further behind 
the plane of requisite reversal, as shown in Figs. 105 and 108. 
As with the second and third planes, so the coincidence of this 
fifth plane with the fourth is a pure matter of construction, 
and would, in fact, take place when the second and third 
coincided, as in Fig. 103 : or otherwise the two planes would 
be at a mechanically fixed angle with each other, as lettered 
a in Fig. 108, or as illustrated in Fig. 104. The condition 
depicted in Fig. 103, however, being assumed in these diagrams, • 
it will be observed that if Fig. 107 be superposed on either 
Figs. 105 or 106, the lines NP and M'M' would coincide 
respectively with R E and M M. 

It ^ thus that when the brushes are resting on segments in 
the M'M' plane of the commutator they will gather the highest: 
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i;.M.F. ; or, in other words, there will then bo the maximum 
. potential difference between the negative and positive brushes 
attainable with the machine. But sparking would thereupon 
ensue ; and hence, on moving the brushes forward to the non- 
sparking points in the neutral plane, a loss of E.M.F. is sus- 
tained. It is therefore desirable that the angular distance 
of the NP plane should be as little as possible beyond the 
M'M' plane, which is to be achieved, as we shall find, by 
making the field very strong in proportion to the armature self- 
excitation. 

This is, of course, another way of intimating that in a good 
machine the brushes will require very little lead. On the other 
hand, as pointed out in connection with Figs. 103, 104 and 108, 
the M'M' plane itself may be inclined, and so not normal, to the 
field, as a simple result of mechanical construction, so that the 
large lead given in such a case to the brushes would be more 
apparent than real; while further, by the same means, just 
the opposite results may be obtained, and the machine made 
to appear as though its brushes required little or no lead. 
This is doubtless the case in some machines, wherein the 
armature winding is so arranged that the coils are in advance, 
in the direction of rotation, of the segments to which they are 
connected. The armature planes will be ahead of the commu- 
tator planes, and the N P plane becoming at or about normal 
to the field instead of being in^front, the appearance of little or 
DO lead will result. What inference may be drawn, however, is 
simply that the position of the brushes at their non-sparking 
points, as seen by the eye, is no criterion of the real lead. 
A distinction in fact may be drawn between apparent lead and 
true lead. But the position of maximum E.M.F. can be deter- 
mined with a voltmeter, and the advance beyond that to the 
non-sparking position will then give the true lead. . 

We hAve now^ however, to consider the sixth plane, which we 
have termed the plane of cessation of force. This is, indeed| 
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the plane of commutation for the eiedramotive force of a coil, in 
contradistinction to the plane of commutation for the currenU 
But as the term " plane of commutation " is universallj used 
only in connection with the current^ we adopt another term 
where reference is intended to the E.M.F. 

This plane of cessation of force, therefore, may be regarded 
as a plane that is invariably normal, or at right angles, to the 
lines of magnetism traversing the core. It is thus the plane in 
which the coils, as they successively arrive into it, neither 
include nor exclude lines of magnetism, and consequently, cease 
to generate, or are not generating any E.M.F. — though they may 
be charged with the full voltage of the machine (see p. 9). 
The instant they rotate beyond, they commence generating the 
reverse £.M.F., whose function is to impel the current coursing 
in the other half of the winding (see Chap. I). 

In the diagrams. Figs. 105 and 106, this plane, lettered GF, 
is shown at 90** with a line yy. This latter line represents 
the centre plane of the induction lines through the core, and 
passing through the ultimate poles of the armature, represents 
its tUtimate polarity. Another line, x a?, represents the centre 
plane of the field. The angle^d between them thus indicates 
the "distortion of the field" alluded to in Chap. I. (p. 13). 

Now, it is evident that as the plane G F is invariably normal 
to yy, if any cause affects the inclination of the latter plane, 
then CF must be similarly affected and made to oscillate. 
Thus, as was explained in Chap. I. above mentioned (pp. 12 and 
13), the ^ultimate polarity of the armature is a compromise 
between its own self-polarisation and the polarity of the field ; 
and in practice the latter is made much stronger than the 
former, so that a line (yy) through the ultimate poles will 
only form a small angle (6) with the centre line (xx) of the 
field. But it has to be observed that the self-polarity of 
the armature, depending on the circulation round it of it9 own 
current, can of necessity possess its two poles only at the two 
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regions where the current respectively enters and leaves the 
winding. In other words, inasmuch as the current can only 
flow in and flow out where the brushes permit, the armature 
self-polarity is directly governed by, and must follow the 
brushes. Therefore, if the armature self-polarity is swayed 
by a movement of the brushes, the ultimate polarity must be 
proportionately aflected, though of course in a smaller degree. 
Consequently, G F will be aflected also, equally with yy. A 
comparison between Figs. 105 and 106 will reveal this change 
of position of C F, concomitant with the shifting of the brushes.. 
In a strong field the diflerence between the C F and M M planes 
maybe small, as shown. But with a weak field, to be discussed 
in a later Chapter (XXIII.), a considerable angle may exist 
between the two planes, with much lead to the brushes. 

We thus find that whereas the plane of commutation (1)^ 
moves directly with the brushes, and the other four planes 
were absolutely fixed, and the two through the commutator 
to be determined by experiment, this plane of cessation of 
force occupies an intermediate position in this respect, and is 
what we may describe as semi-fixed. 

It is to be noted, however, that for any given position of the 
brushes, this C F plane is also the then plane of maximum and 
minimum potential for the armature. For as the coils at the- 
positive end of each half of the winding occupy positions of 
^successively smaller angular propinquity to this plane, 
whether approaching it, or receding therefrom (see p. 11, upper 
paoragraph), so they generate less, but become more fully 
charged with potential ; and so, when actually in the plane, 
though generating nothing, they are charged to a maximum. 
At the negative end of the winding, of course, the inverse holds 
good ; and the coils in the plane are not only generating no- 
E.M.F., but are also charged with a minimum potential. 

The normally fixed MM plane (5) may thus be further 
understood to be that plane which is occupied by the movable 
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C F plane, when the E.M.F. of the coil or section of winding 
in the latter is the maximum E.M.F. of the machine. As re- 
flection will make clear, this also can only be when the Cn P 
plane, movable with the bruahes, is coincident with the C F 
plane. Thus, when the brushes are at the points of qiaximum 
and minimum potential on the commutator, the three planes, 
C F, Cn P, and M M, are one. In other words, the brushes only 
gather the maximun; E.M.F. of the machine when the planes 
of the coils in series with them are normal to the main flow 
of induction through the armature, which can only occur when 
the brushes are in one particular position. 

Now we have stated that when the brushes are in the plane 
of maximum E.ALF., that is, the M' M' plane of the commu- 
tator, they will spark. When the brushes are put forward to 
the non-sparking position, the OF plane, ceasing to coincide 
with the M M plane, will occupy an intermediate position, as 
fihown in the diagrams. A fall of potential difference between 
the brushes will result as i^tated ; and it will be observed that 
the current in the coils lying between the C F and the On P 
planes, in order to reach the brushes, will have to flow against 
a reverse^ or counter E.M.F. For the c(ynimutati(m of the current 
in the Cn P plane is taking place in advance of the reversal oj 
the electromotive force in the CF plane. 

With regard, however, to the sixth plane once more, as this 
is necessarily normal to yy^it is palpable that any causes, 
besides, or additional to, that of moving the brushes, that may 
alter the inclination of y y^ and vary the angle ^, will produce 
a corresponding oscillation of the CF plane. Such other 
causes, however, may likewise affect all the normally flxed 
planes. But these we must leave for subsequent consideration. 
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SPARKING AT COMMUTATORS.— ELEMENTARY 
CONSIDERATION OF THE BRUSH. 

Having thus far ordered and distinguished between these 
yarious planes, we may now commence more closely to consider 
their application to the question of sparking at the brushes of 
a dynamo. Fig. 109, herewith, represents the top of a com- 
mutator ; B is the brush resting on two segments r and 5, and 
the letters d d and c c show the coils bringing up the current 
from either side of the armature, as indicated by the arrow- 
heads. 

Now, normally, the current, in order to get from series c c to 
series dd^ox vice versa, would flow through the coil 6, which 
we have shown thicker than the others. But this coil is for 
the moment "short-circuited" by the brush: for a current 
could pass between c c and d d through r and < and the point of 
the brush, which would be a path offering much less resistance 
than the passage through the coil in question^ This latter coil 
may consequently seem to be idle. So far from this being the 
case, however, it is the behaviour of this coil that is chiefly 
concerned in the question of sparking at commutators. For 
it has but just belonged to the series dd and is about to join 
the series c c, wherein the current is running in the contrary 
direction. Hence, it is just in or about this position in relation 
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to the brusb that a reversal of current takes place within the 
coil 6. Thus the plane wherein this coil lies at that instant is 
termed the " plane of commutation," or plane of change. 

Now, in Chapters XIY. and XY., when discussing the subject 
of self-induction, we pointed out that that was purely a magjuiic 
effect ; and that the changes of magnetism were the causes of 
the electrical effects. Thus it is here: for this coil has a 




Fig. 109. — Bu^ram illustrating Elementary Theory of the Brush. 

polarity of its own, which is enhanced by the iron of the 
armature core within it. Hence, it is in reversing this polarity 
that energy is lost. This reversal of polarity may not at first 
seem obvious, inasmuch as the polarity of the iron within the 
coil is not actually reversed at all at that moment But the 
polarization of the iron of the core is the sum total effect of all 
the polarizing influences brought to bear on it. The coil in 
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question exercises its share in these influences, and it is thus 
this share that has to be reversed. 

It may be noted further that the coil b^ though short- 
oircuited by the brush, is still in series with the cedoiddd 
eoils. Or should there be any tendency for an independent 
current to circulate within 6, it is free to do so ; and, the 




Fig/^110. —Diagram illustrating Elementary Theory of a Spark at the 

Brush. 



resistance of the one coil, or section of winding, being com- 
paratively small, a small electromotive force may thus create 
within b a large "short-circuit" current. 

We may now, however, transfer our attention to Fig. 110. 
It will be observed here that the segment r is shown just 
leaving the point of the brush — ^just the time, in fact, for a 
spark to occur between r and B if the conditions admit. Now, 
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the coi] h has hitherto had the dd current direction and. 
polarity within it, as indicated by the arrowhead. But the c 6 
current, immediately on r receding from the brush, has to flow 
through b in order to reach B. It is evident^ however, that i£ 
the coil b offers any sort of resistance to the passage of the c o 
current, with an opposing current or otherwise, and supposing 
for the moment that this resistance be absolute, so that no c c 
current can traverse b at all, then the break of contact between 
the segment r and the brush will be precisely similar to the 
opening of the gap g in Fig. 101. For the coil 6 offering no 
path, the current is broken. Hence, a spark due to the self- 
induction of the c c coils, will flash across from the segment 
r to the brush, as indicated by the small curved arrow z. But 
the parting of this segment r and the brush is furthermore 
to be likened to the opening of a switch ; for the conditions 
assumed are precisely similar. 

In discussing this latter, we showed that the flash then seen 
was a compound effect, being composed of a self-induction 
disruptive spark, as just alluded to, immediately followed by a 
momentary arc, assuming a current of not less than five or ten 
amperes, and an E.M.F. not exceeding some few hundred volts, 
which are ordinary conditions. We mentioned, also, the ex- 
ceedingly small space of time occupied by the precursory spark. 
Now, however rapid in practice the peripheral velocity of the 
commutator may be, the flash at the brush will be such that 
by far the larger proportion of the time occupied by it will be 
taken up by the arc. Further, when discussing the arc, we 
showed that the electrodes were consumed by it, the positive 
at twice the rate of the negative. Hence we now perceive 
that in the flash between the segment r and the brush, the 
arcing will preponderate. Both will be burnt ; but the segment 
here, being positive, will be burnt the most. 

If, however, the resistance of the coil b (that is, any impeding 
cause or causes, whether due to the simple resistance of the 
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^oil itself, or that, with adverse inductive influences added) is 
only partial, the compound flash will be reduced in strength. 
Some of the current passing through the coil 6, there will not 
be so much to break at the brush pointy and the flash will be 
inrhat we may term a "shunt'- flash. This is illustrated in 
Fig. 101 (page 140) : for if on the gap g being opened, some 
of the current could still pass by way of a small lead, c c, shown 




Fig. 111. — Non-Sparking Position. Short- Circuited Coil h in Plane of 
Requisite Reversal. 

dotted, it is evident that the reduction of the magnetic induction 
"in the core of the coil would not be so great as though there were 
-no such other path. Hence the self-induction E.M.F. at the 
"positive end of the gap will be diminished, and consequently 
rthe violence and length of the initial disruptive spark and the 

magnitude of the subsequent momentary arc. This "shunt'' 
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effect, however, as we shall find later, would only, occur close to 
the non-sparking position on the commutator. t 

We may now turn our attention to Fig. Ill, showing thd 
conditions necessary for sparklessness. As may be perceived, 
this represents the top of a commutator, three of whose se^ 
ments are lettered respectively r, «, and t ; the armature coite 
are represented between c and d^ two of them being lettered 
b' and/; and three of the lugs are lettered g, A, and t. The 
"neutral plane " of the commutator is assumed coincident with 
the " plane of requisite reversal" of the armature, and these are 
jointly indicated by the line R R. The brush is shown thicker 
than that in the last diagram, and here covers more than one 
segment. Two of the coils, h and /, are short-circuited by the 
brush, and so are shown heavier ; and the short-circuits through 
the brush point are indicated by the thick dotted lines mno. 
The large arrowheads show the main current arriving from the 
two halves of the armature winding, c and <f, and the small 
arrowheads represent the short-circuit currents. It will be 
noted that the h and/ coils have just left the series df, and are 
passing into the series c. Having passed the C F plane, the d 
current that was circulating within them has first been stopped 
as they each arrived into the plane of commutation, and then 
a reverse short-circuit current has been set up within them by 
the c electromotive force. At the moment shown, this short- 
circuit, or as for brevity we may term it, the s.-c. current, in 
coil by exactly equals the c current. Meeting each other in the 
lug gf these two currents neutralise each other : hence there 
is no current flowing either way between the brush and the re- 
ceding segment r. There thus being no current to break al} 
the recession, there is no sparking ; and the coil b is just pro- 
cisely in the "plane of requisite reversal" represented by the 
line R R. The positive brush being here shown, for a repre* 
sentation of the non-sparking conditions at the negative brusli, 
it is simply necessary to reverse all the arrowheads. 
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SPARKING AT COMMUTATORS,— THE SHORT-CIRCUITS 
AND CURRENTS. 

It is now our purpose more narrowly to investigate the subject 
of the short-circuits under the brushes ; for without this, no 
thorough understanding of the theory of the sparking at com- 
mutators is to be attained. 

On reference once more to Fig. Ill in our last chapter, it 
will be observed that in consequence of the thickness of the 
brush, two coils were short-circuited, as was mentioned. The 
question, however, arises, as to how these two coils will affect 
each other in respect of the reverse, or short-circuit, current 
that will be generated within them. In this connection we 
may direct our attention to Figs. 112 and 113. We here find 
in each diagram two circuits P P and t^ Q, having a common 
conductor x y. But in the former the two currents issuing 
from generators w and v augment each other in x y, while in 
-the latter they oppose each other. It is thus this latter case 
which we may now consider. For if the two currents are equal, 
there will be no current in a;y; while if they are unequal, xp 
will carry the difference. This, in fact, illustrates the essence of 
what is termed the " three-wire system," x y representing the 
*< neutral " main« It will be noted further that the P current 
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leaving w^ and the Q current leaving % checking each other in 
x^/f they each continue in the other's circuit More accurately, 
it may now be said that there is only one circuit with the two 
generators in series; and, in fact, the two currents may be 
said to be oMimilatecL None the less, if the Q current be, 
say, 250 amperes, and the P current, say, 200, the Q current 
will split at Xf 50 passing down to jr, and 200 only continuing 
by w. Uniting at ^, 250 will enter the negative at v. Thus, 



& 



4 



13 



Pio. 112. — Diagram showing Two Circuits with a Conductor common to 
both, in which the currents are united — illustrative of augmenUUion, 



though asdmilated, the two currents, taken separately, retain 
their original values. This does not apply in the case of 
Fig. 112. For provided xy ia large enough to carry both cur- 
rents, they will wholly take that path, and there will be 
•nothing approaching the nature of assimilation. It may be 
noted that in Fig. 113 the generators in series cannot each 
augment the current of the other in the outer circuit w yvx, 
because their inherent resistances are also in series. 
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Now in Fig. Ill there were two short-circuits hhnmy and 
fionh, of which the coils h and / formed respectively a gene- 
rator in each. Inspection will make it clear that these two 
circuits are similar to those in Fig. 113, and that A 7^ is a con- 
ductor common to them both, in which their two currents are 
opposed. We hence perceive that the two short-circuit currents 
are assimilated with each other, and that hn will merely carry 
their difference; and in so far as the coils h and / may be 




Fig. 113. — Diagram showing Two'Circuits with a Conductor common to 
both, in which the currents are opposed — illustrative of assimilation. 



.regarded as in series with each other in the circuit hfionntgy 
their internal resistances will of course be in series also. 
Hence, whatever current each may generate, these do not 
Teinforce each other, and each current retains its own value 
within its own circuit. 

We may now direct our attention to Fig. 114. This may 
be recognised as a combined diagrammatic representation of 
J'igs. Ill, 112 and 113. The segments r, a and t, the lugs^, h 
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and », and the coils h and /, together with the brush shown 
dotted, may be observed. On either side the two series of 
coils V and w represent the two halves of the armature winding. 
It will be noted that there are here four distinct circuits, P P, 
Q Q, PT', and Q'Q', each with a generator, w, 6, v and / 
respectively. These do not include the outer circuit, which is 
comprised within the line shown partly dotted between n and y. 
The arrowheads indicate currents, that is, Ihe currents the 




Fi©. 114.— Diagram illustrating Theory of Short Circuits in a Commutator, 



four electromotive forces tend to maintain ; for as we shall see, 
the acPml currents will depend on conditions that may he 
assumed. Of these currents, the P P and PT' being the main 
armature currents, may be regarded as invariable both as to 
direction and quantity ; while the Q Q and Q'Q' currents, 
contrariwise, will be variable, according as to whether the 
brush may have too much positive or negative lead. The 
i^egative brush is at ^, whence the current from the outer 
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cirouit divides right and left through the two halves of the 
armature winding, as indicated. 

Now a development of Ohm's law, namely, E.M.F.= cur- 
rent X resistance, is that a current at a given potential having 
two or more paths open to it, will split itself among these in 
inverse proportion to their several resistances. Thus the path 
offering the least resistance will carry the most current, and 
vice versd. It will now be noted on reference to the diagram, 
that in the course of their circulation the P main current needs 
to get from g to ^, and similarly, the P' main current from i 
to y. The combination of the efi'ect of Ohm's law on the one 
hand, and the interposed effect of the short-circuit currents on 
the other hand, thus forms a subject which we may now 
consider. 

The P current arriving at g has three paths before it by 
which to reach y, namely, gmn,gbhn and gbfion, Similiarly, 
the P' current has three paths before it, starting from i. It will 
be obvious, however, that the resistance of the lugs g and i, will 
be considerably less than that of the coils b and /• Hence, 
according to Ohm's law as above enunciated, by far the larger 
proportion of the P current will travel hj gmn; a very small 
amount may go through bhrif while the flow of P through / 
will be quite fractional. For the same reason most of the P' 
current will flow through ion, and small quantities only 
through / and b. But this, it will be understood, is only the 
normal flow of the P and P' currents, disregarding the effect 
of the Q and Q' short-circuit currents. At these latter we may 
now glance. 

The short-circuit currents being variable, may be assumed to 
flow in either direction through b and/, and to be equal to, 
greater, or less, than the P and P' currents. A direction parallel 
with P is thus assumed in the diagram, as indicated by the 
arrowheads. It will now be observed, that the Q and Q' cir- 
cuits having a common or "neutral" conductor hnylike xy in 
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Fig. 113, if the two currents are equal, h n will carry no 
current, or if they are unequal, it will carry the difiFerence. 
In actual practice the latter would be the case, and in this 
instance, where an amount of forward lead is assumed, h would 
generate a higher E.M.F. than /, and so, the resistance being 
similar, would impel a larger current. Thus the lug h will 
simply carry a small inflow of Q current, equal to the difference 
between Q and Q' ; and these two currents will be what we 
have termed " assimilated," each flowing in the other's circuit, 
but retaining its original value in its own circuit. Further, 
it is to be observed that there will be a normal outflow of Q 
current in the lug ^, and a normal inflow of Q'. current in the 
lug i. 

We may now return to the main P and V currents. It will 
simplify matters if, ignoring the small quantities of these cur- 
rents that normally run in h and /, we assume that they flow 
wholly through the lugs g and i respectively. Hence whereas 
h n was a neutral between Q and Q', it is now to be observed 
that^mit.is similarly a common path for the P and Q. currents, 
wherein they oppose each other. Thus we here perceive finally 
that the acttial current in gmn will be the diflerence, if any, 
between P and Q, whichever may predominate. If they are 
equal, and the segment r just leaving the brush as depicted, 
this will be the condition for no sparking as already touched on, 
as there will be no current to be broken at the moment of 
recession. But the result now is that as the P current baulks 
the Q current in g m, it becomes assimilated with it, precisely 
as Q-and Q' are assimilated. The P, Q, and Q' currents become 
in fact all three assimilated, though each retains its original 
value in its own circuit apart. Thus the great point to be 
noted here, is that the P current arriving at g, does not augment 
the Q current in 6, as at first might be supposed. For baulking 
the latter in gmn it baulks its entire flow throughout its cir- 
cuit (Q Q Q), and assimilation takes place instead, as explained. 
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Now, however, to consider the P' purrent at i, we find ion 
also forms a path common to the Q' and P' circuits. But here 
the two currents do not oppose each other, as did P and Q in 
gmn. Consequently they in this case augment each other, and 
both flow together in one large current through ion, always 
provided that the lug i is of sufficient section to carry the 
increase of current without becoming . heated, and thereby 
offering an increased resistance. 

It will be advantageous, however, if we assume oases. Thus 
suppose P and Q be equal, each being 200 amperes. F would 
be 200 also, making 400 amperes for the outer circuit com- 
prised in n y. Q' may be, say^ 80 amperes. There will thus 
be no current whatever in gmn, and only the difference between 
Q and Q' = 200 - 80 = 120 amperes flowing inwards in the lug h* 
The 200 P will be assimilated with the Q and Q' currents ; and 
the Q' current of 80 is flowing down lug t. Thus the P 
current of 200 amperes, assimilated within the Q and Q^ 
circuits^ may be said to divide at A, 120 going down h n, and 
the remaining 80 travelling by fion. But the P' 200 
amperes are running unimpeded in ion. Thus, in this latter 
path, there will be a total current of 200 P' + 80 assimilated 
P, Q and Q' = 280 amperes. Being joined at n by the 120 
amperes down h w, this thus makes a total of 400 in ny; while 
there is no flow in nmg. 

From the above, it may hence be perceived, that in the non- 
sparking position, the effect of the short-circuits is to divert 
the flow of the current from the point of the brush towards 
the heel. It should be noted, however, that this is the effect 
of the electromotive forces of the short-circuited coils. As 
prime causes these remain unaltered, while their effects, as 
in the case of the current in ^ m n, may bo entirely eliminated. 

If, however, while P and P' remain each 200, we assume 
Q to be 100, and Q' say 10, we shall find P - Q = 200 - 100 = 
100 amperes of the P current flowing through gmn. In lug h 
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Q-Q's90 will inflow; while the total flow down the lug % 
will merely be 10 assimilated P, Q, and Q' + 200 P' « 210 amperes. 
At n there will thus unite, 100 from ^m, 90 down An, and the 
210 down to, making 400 again in ny. But this current of 
100 in m 71 would be broken at the recession of segment r from 
the brush ; and there would occur, in fact, what we have termed 
"shunt" sparking (p. 165), as only part of the P current is 
broken, the remainder being assimilated with Q. The sparking 
will result from the self-induction of the half of the armature 
winding represented by tr, as described in connection with 
Fig. 101 and the dotted line c e therein. This condition for 
shunt sparking is brought about^ it will be observed, by the 
near approach of the brush point to the NP plane, so that 
the Q current in b is running in the same direction that P 
would take through b ; but the brush is not far enough for- 
ward for Q to equal P, as would be the case were b in the 
R E plane. It will thus be seen that this shunt effect occurs 
just behind the neutral plane, and there only. 
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CHAPTER XIX. 



SPARKING AT COMMUTATORS.— THE SHORT-CIRCUITS 
AND POTENTIALS. 

In our last chapter we dealt almost solely with the currents of 
the short-circuits. It is now, however, the potentials that we 
propose to discuss. For a point to be noted in connection with 
the four adjoining circuits represented in Fig. 114, is that 
whereas to suit the external resistance comprised in ny the 
E.M.F. of the P and P' main currents needs to be high, say 
500 volts ; in the case of the Q and Q' circuits, on the other 
hand, wherein the resistance is extremely small, the E.M.F* 
will be very low to produce the same current. Thus the latter 
E.M.F. may be only a fraction of one volt. This minute 
voltage may thus appear of no account in contention with that 
^f the main currents : while, on the other hand, the question 
might be as to whether, as a matter of fact, this small electro- 
motive force of the short-circuits would in any way affect that 
of the main current. 

In Fig. 115 herewith are two circuits, PPP and QQQ, 
having a common conductor xy^ in which the currents oppose 
each other, as in previous diagrams. The letters w and v 
indicate the respective generators. It is to be noted, however, 
that the P circuit is represented as having a resistance of 
5 ohms, while the Q circuit has a resistance of only *05 ohm. 
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Thus to get the same current in each circuit, here shown 
200 amperes, we find needed a potential difference between the 
terminals of 200 x 5 = 1,000 volts in the P circuit, but only 
200 X -05 = 10 volts in the Q circuit. 

Further observations, however, require now to be made. 
First, we note that the generators w and v being in series with 
each other by way of a 6, without resistance (neglecting the 
resistance of the conductors), their electromotive forces will 
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Fig. 115. — Two Circuits of Different Potential with currents assimilated, 
both having resistance exterior to 'generators. 



accumulate. Thus the negative terminal of v becomes raised 
to 1,000 volts, the same as the positive of w ; and the positive 
of V, having the extra 10 added, becomes raised to 1,010 volts. 
Secondly, we note that x y being assumed without resistance, 
this conductor is at 1,000 volts throughout and at both ends. 

It will now be observed that as there is a difference of 
10 volts between the v positive and y, this 10 volts will impel 
a current of 200 amperes through the *05 ohm resistance. 
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This current would now naturally, by Ohm's law, flow through 
y Xf as offering the easiest path to its negative at v once more. 
The P current arriving at oj, however, would also, by the 
same law, flow in the opposite direction entirely through x y, 
inasmuch as this would be a path of no resistance as compared 
with the resistance in the Q circuit. Hence, assimilation of 
the currents will take place : and no current will flow in a? y, 
as indicated in the diagram by the opposing P and Q arrows, 



1000 + 




0^ - 



Him 



1000 



116. —Two Circuits of Different Potential with Currents assimilated, 
with no exterior lesser resistance. 



and the numbers struck out by lines drawn through. It will 
hence be noted, that as here arranged, the voltage of the P 
circuit is not affected by that of the Q circuit. 

If, however, the terminals of the generators be reversed so 
that the current runs in the opposite direction, there will at 
once be an alteration in various respects. The " neutral " will 
drop to only 10 volts, the same as v ; and the only high poten- 
tial portion of the circuits would be between w and the 6 ohm 
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resistance, where there would be a pressure of 1,010 volts. But 
in the diagram, the conductor xy lies between the w positive 
and the 5 ohm resistance ; and all parts Ijing between the w 
positive and this high resistance, including connected parts 
such as the whole of the Q circuit, will become charged with 
the high voltage. 

We may now, however, turn to Fig. 116. The difference 
between this and the last diagram will be observed to be that 
the 05 ohm resistance of the Q circuit is here represented as 
being the internal resistance of the generator v itself. In 
Fig. 115 we neglected the internal resistances of the generators. 
If, however, we assume an internal resistance for w^ in the case 
before us, of, say, 0'2 ohm, this, in order to admit of a current 
of 200 amperes, will need a pressure of 0*2x200=^40 volts. 
Thus the total E.M.F. of w will be 1 040 volts ; but the odd 40 
being spent internally there will be only the 1,000 for external 
use.* 

A further peculiarity of the external voltage, however, is 
that it will depend for its existence on the resistance of the 
outer circuit. If the outer resistance be diminished while the 
internal resistance is unaltered, the total resistance of the 
circuit is lessened. Consequently, a larger current will flow ; 
and a greater proportion of the total E.M.F. (assuming this 
to be unaltered) will be spent in forcing the increased current 
through the internal resistance ; and a smaller potential differ- 
ence will appear between the terminals externally. Thus if 
the 5 ohms of the P circuit be reduced to 1 ohm, while the 
internal resistance of w^ as previously assumed, is 0*2 ohm, the 
total resistance of the P circuit will become 1*2 ohms. With 
the total E.M.F. of 1,040 volts, we find the current will now be 



* This and succeeding points may be found dealt with mathematically 
and geometrically in Prof. Silvanus P. Thompson's " Dynamo-Electrie 
Machinery," pp. 226 to 230, fourth edition. 
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1,040 4- 1 -2 = 866-7 amperes. But the E.M.F. will be re-distri- 
buted ; and we fiud that the amount used internally will be 
866*7x0*2 = 173*3 volts as compared with the previous 40 
only ; while externally the potential difference will be 866*7 x 1 
= 866*7 volts instead of 1,000; and the total E.M.F. is summed 
up thus, 866*7 + 173*3 = 1,040 volts as before. 

It will thus now be obvious, that if the resistance is wholly 
internal, and there is no external resistance, there will likewise 
be no external voltage ; and the E.M.F. will be spent entirely 
in overcoming the internal resistance. This is the case assumed 
with the Q circuit in Fig. 116. The resistance here being 
wholly internal, there is no potential difference externally 
between the terminals. 

Similarly, however, to the conditions depicted in the previous 
diagram, the two generators are in series ; and x y and the Q 
circuit lie between the w positive and the 5 ohm resistance. 
Consequently these parts are all charged at the 1,000 volts, 
included both the terminals at v, now without potential differ- 
ence between them; and the E.M.F. of the P circuit is un- 
affected by the E.M.F. of the other circuit. If the E.M.F. of 
the V generator should rise or fall, this would merely cause the 
Q current to fluctuate ; and there would still be no potential 
difference between the v terminals externally. 

We may thus return once more to the diagram Fig. 114. 

The case of the four circuits there is analogous to the case 

of the circuits in Fig. 116. For the Q and Q' generators have 

likewise only their own internal resistances and self-induction 

to overcome, so far as the short-circuits are concerned, and 

assuming the resistance of the remainder of the short-circuits 

to be so small as to be negligible; while the P and P' 

generators {w and v) have the resistance of the outer circuit in 

^ ^ to contend with. We may assume similarly that v and w 

each generates a total E.M.F. of 1,040 volts, of which 40 are 

spei^t in forcing the current of say 200 amperes through its 

n2 
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own resistance, leaving 1,000 volts to rise at g and », for which 
the negative will be at y. It will then be seen that the Q and 
Q' circuits, lying between g and i, and the point n where the 
external resistance conunences, are at 1,000 volts throughout ; 
and that however much the KM.F. of the coils h and / may 
vary, there will yet, in respect of the short-circuits, be no 
potential di£Eerence between the points ^, h and e, assuming 
the paths h n, and i onmg, to be without resistance. 

The actual potential difference between the points ^, h and i 
is entirely dependent on the relations between the E.M.F. of the 
armature winding, as represented jointly by all the coils, w^ h,f 
and V, and the exterior resistance in n y. In the diagram, the 
brush is assumed forward: therefore, the point of highest potential 
will be behind the brush, where the sum total voltage of w^ h 
and /, and perhaps some more coils toward ^, will have occw- 
mutated. Consequently, the point i will have a higher poten- 
tial than hy and h than g. But this accttmtdation of voltage 
is entirely due to the exterior resistance. For we know that if 
the latter be eliminated from the outer circuit, supposing it 
possible, an enormousjcurrent would flow, and there would be 
no potential difference between the positive and negative 
brushes, showing that the E.M.F. of the successive coils of 
the armature had ceased to accumulate. Hence in the diagram 
there would then be no accumulation of the voltage of ic, b 
and /, and so the points ^, h and i would all have the same- 
potential. Yet the coils would be still generating E.M.F. 
(assuming other conditions unaltered) ; but this would be 
used now internally only, in impelling the current against 
their own interior resistances. It is thus that the short- 
circuit currents will continue to circulate, independently of 
what changes may be wrought on the potential at ^, h and i 
by exterior influences.; and of themselves alone, these Q and 
Q' generators would cause no potential difference between 
these three points, except such as might be due to the- 
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extremely slight resistance of the short-circuit paths, h n 
and ionmg. 

It must be noted, finally, that the energy required to 
commutate, and to requisitely reverse the current in the 
fihort-circuited coils, is a deduction from the efficiency of the 
machine. This is evidenced by the fact that the non-sparking 
points are not in the M' M' plane, but ahead of it. The pro- 
duct of the potential difference between the M'M' and NP 
planes, and the short-circuit current, will indicate the power 
lost in bringing the current in the short-circuited coils to a 
state of requisite reversal. 
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CHAPTER XX. 



SPAKKING AT COMMUTATORS.— EFFECTS OF 
MISPLACEMENT OF BRUSHES. 

We may now consider cases where sparking takes place. 
The most simple will be those when the brushes are shifted 
too far forward or backward : or, again, which amounts to the 
same thing, if the brushes are at their right places, a cause of 
sparking may be the oscillation of the neutral plane. For 
the present, however, we may confine our remarks to the 
simple displacement of the brushes. 

Fig. 117 herewith shows an armature revolving in a field, 
and a commutator, together with brushes. These latter are 
shown in positions A and B too far back, and at C and D too 
far forward. We now propose to deal with these four positions 
in detail, and to consider the nature of the sparking that occurs 
in each. Figs. 118 to 121 are thus four diagrams showing 
each brush separately. For the better elucidation of the 
subject, a total current output for the machine of 400 amperes 
is assumed, as indicated in the diagrams. It is necessary, how- 
ever, to note that in these diagrams the conditions represented 
are those that are broken by, and so are not the results of, 
the recession of the segments r from the brushes. Short-circuit 
(or 8.-C.) currents of 500 and 450 amperes are assumed in the 
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ooils h and /, according as the one or the other is in the better 
position for generating E.M.F. The main armature currents 
c and df of 200 amperes each, are indicated by the large 
arrowheads, and the s.-c. currents by the small arrowheads, as 
before. The double arrowheads represent resultant currents, 
whether by difference or addition ; and it will be noted that 
the two amounts which together produce a resultant, are struck 



N M 




Fig. 117. — Diagram showing Brushes with too much Positive or Negative 

Lead. 

out by a line drawn through, in a manner similar to that 
adopted in Fig. 116. 

It will now be seen, on reference to Figs. 117 and 118, that 
the brush A being on the d side of the commutator, up to 
the moment of the recession of segment r, there has been 
nothing whatever to reverse the electromotive force of the 
coils h and /. Hence their s.-c. currents will circulate in the 
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same direction as the d current. As indicated by the large 
arrowheads, the latter still flows in these coils ; though this, is 
to anticipate. The two s.-c. currents, as explained in connec- 
tion with Figs. 113 and 114, will become assimilated with each 
other, their difference only, 50 amperes, entering by lug h : there 
will be a normal outflow of 500 s.-c. amperes through lug i. 




.P ',P 

Fig, 118. — Positive Brush too far back. Heavy Forward Sparking. 
(Position A in Fig. 117.) 



and a normal inflow of 450 s.-c. amperes by lug g ; and it will 
be noted that in this case the s.-c. currents are traversing the 
coils h and / in the opposite direction to that shown in Fig. 114, 
We may now consider the d and c main currents, and may 
take the former first. This would naturally attempt an inflow 
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through lug i. It is, however, met there by the normal / 
S.-C. 500 outflow. The resultant 300 outflow is thus what 
remains. But the whole f s.-c. 500 is reduced by this same 
act. The 200 c?, blocked back in t, takes the place of the 
missing 200 in /, or, in other words, becomes cusimiktUd in 
that coil ; and the b and / 8.-c. currents being already assimi- 
lated, it becomes assimilated with both these currents, like the 
P and Q and Q' currents in Fig. 114. 

Reverting to the c main current, we find this inflows through 
lug g in the same direction as the b current. These thus aug- 
ment each other, forming a united or resultant current of 650 
amperes. To analyse this amount accurately, we observe that it 
is composed of 200 c, plus the d assimilated with. the 450 s.-c. 
current. At the point n this amount is further augmented by 
the inflowing 50 down A, thus making a total of 700 from n to o. 
Of this total, 400 go up the brush, being the sum of the c and 
d currents, while the remaining 300 form the 300 s.-c. current 
in lug t. We thus find the cycle completed. 

Now, from the above we note that the actual current that is 
broken is more than the main output, being 650 amperes instead 
of only the normal 400. Furthermore, we observe that the 
spark which will occur at the recession will be due to the self- 
induction of both the c and d series of coils plus the additional 
effect produced by the short circuits — that is, to the self-induc- 
tion of the whole of the armature-winding. Hence the spark- 
ing will be heavy, and will be in the same direction as the 
main current, as indicated by the thick arrows zz. A large 
current, moreover, being broken, there will be considerable 
burning with the arcs, especially of the segment r, which is 
h ere the positive electrode. 

Fig. 119 may now engage our attention. This represents in 
detail the brush in position C (Fig. 117), where it is shifted too 
far forward of the N P plane, which latter is indicated in both 
diagrams. It will first be noted that the coil b here carries the 
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500 S.-C. current instead of /, as in the last case. A resultant 
50 amperes of the b s.-c. enters by lug h ; and it will be per- 
• ceived that the s.-c. currents here are traversirig the h and / 
coils in the same direction as in Fig. 114. There is thus a 
normal 450 assimilated s.-c. current entering through i, and a 




Fig. 119. — Positive Brush too far forward. Light Back Sparking. (PoBition 
C in Fig. 117.) 

normal 500 s.-c. current flowing out through lug g. The^c 
main current, arriving at g, is blocked by the outflowing 
b S.-C. 500, and becomes assimilated with the latter in the 
coils b and / instead, in the same manner as the d current^in 
the previous case. We thus find the 450 entering by lug * 
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to be composed of the c, and the 8.-G. currents assimilated. To 
this latter is now added the 200 d main current, making a 
total resultant current of 650 amperes entering by this lug. 
Arriving at o, however, 400 amperes split off to ascend the 
brush, thus leaving only . 250 to continue to n. At this latter 
point, this current is joined by the 50 h s.-c., making the 300 
out-flowing through g. Thus again is the cycle completed. 

Now here there are various points to be noted. First, it is 
910^ the main d and c currents that are broken, for these have 
both a free entry into the brush through its ?ieel instead of 
the point ; and the heel continually makes contact with the 
segments, one after the other, instead of breaking contact, as 
compared with the case of the brush at A. It is thus the 
coils behind the brush that are reversed, and not those just 
leaving the point. The effect will then be that the momentary 
check due to the self-induction of the coil /will cause the 
reduction of the 650 in lug t to 50, as it arrives at position h, 
to be gradual instead of sudden. We shall return to this, 
however, in connection with the line CnP. The point to which 
we would now draw attention is thus, secondly, that it is only 
a short-circuit current of 300 amperes that is broken at the 
recession; and further, that this is running in the opposite 
direction to the main current flowing up through the brush. 
We have here, hence, what has been termed " back-sparking," 
as indicated by the arrows zz in Figs. 117 and 119. Being due, 
moreover, to the self-induction of the coils b and / only, the 
sparking is slight ; while the current broken being but 300 
instead of 400, or 650 as in the last case, the arcing is not so 
heavy. The brush, however, being positive, will incur most of 
the burning. 

We now come to Fig. 120. This represents the lower brush 
in position 6. As it would have been confusing to invert the 
diagram to make it accord with the actual position of the brush 
on the commutator, we do not do so, and merely indicate the 
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main current entering by the brush iastead of leaving. It will be 
seen here that the brush is too far back, like brash A ; while of 
the two short-circuited coils, / carries the 500 amperes, being 
nearer the plane y y. The first point that may be noted ifr 
that the difference between the b and / s.-c. currents, that is,. 




Fig. 120. — Negative Brush too far back. Heavy Forward Sparking^ 
(Position B in Fig. 117.) 



the resultant 50, instead of flowing inwards in the lug h, is 
here flowing outwards. A normal 450 s.-c. current outflows 
through lug g ; and a normal 500 s.-c. current enters by i. 
But now the main current from the outer circuit arrives by 
the brush at o. Its natural course being to split and send 
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200 amperes to the c coils, and 200 to the d coils, the first- 
named 200 endeavour to flow out by the lup; i. Here, however, 
this amount is baulked by the normal 500 / s.-c. current. The 
latter hence becomes reduced to a resultant 300 in io, as 
indicated. Consequently, the first 200 become assimilated 
with the 600 /amperes in on; and being joined by the other 
200 entering by the brush, a total of 700 proceeds to n. Here 
the 50 pass up n h. The remaining 650 run on to g, at the 
outer end of which 200 diverge into the d series of coils, while 
the 450 run through b. This latter current, joined by the 
resultant 50 up h, makes 500 amperes in the coil /. At the 
outer end of i, 200 separate into coils c, leaving the 300 to 
continue down lug i, as we found at the commencement. 

What we may here note is that the current broken at the 
recession is the whole outer main current, plus 250 amperes of 
the short circuit current. There is the whole self-induction of 
the outer circuit, together with the added effects of the short 
circuits, thus brought into play. As the outer circuit may 
include the field magnet coils, the sparking may here be very 
heavy ; and with the large current, considerable burning will 
take place, principally, as it will be seen, at the expense of the 
brush. 

Fig. 121 indicates the last of these four positions. The 
coil b here carries the 500 s.-c. current, and a resultant s.-c. 50 
flows out through the lug A, as in the previous case. A normal 
500 s.-c. current inflows through ^, and a normal s.-c. 450 out- 
flows through lug i. The 400 amperes now arrive at o by the 
brush. Of these, 200 would pass to the d series by lug g, but 
are met by the inflowing 500 b s.-c. current, and reduce that to 
300 instead. They become assimilated with the s.-c. current, 
and so form part of the 450 s.-c. current outflowing through 
lug i. The remaining 200 of the outer current augment this 
450, thus making a total of 650 finding exit by lug t« At 
the outer end of this lug, 200 split off to enter the c series of 
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coils, while the 450 continue through /. This latter amount 
is joined by the 50 s.-c. current from A, making 500 amperes iii 
coil h. Of these, 200 diverge into the d series, leaving the 300 
to continue down lug g. Arriving at ti, the 50 pass up n A, 
leaving only 250 to proceed to o. So the cycle of operations is 
once more completed. 




«! u 

••-> 







Fig. 121. — Negative Brush too far forward. Light Back Sparking. 
(Position D in Fig. 117.) 

It will be remarked that we have back-sparking here, as in 
the case of the brush in position C ; for it passes in the contrary 
direction to the main current. Moreover, as in the latter case, 
there are only 300 amperes broken, and these of short-circuit 
current. The sparking therefore will be merely that due to 
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the self-induction of the short-circuited coils b and /. It wilt 
hence be slight ; and with the small current the arcing will not 
be great, though the segment will suffer the most. As with 
the brush C, the main current passes through the heel of the 
brush, and not the point, and so escapes being broken. 

We may now notice some general results and conclusions. 
Thus we observe that, as shown in connection with the diagram, 
Fig. 114, all these effects are produced by the assimilation- of 
main current with the short-circuit current. Yet it is only 
one-half of the main current that is so assimilated, and hence 
diverted ; and, inasmuch as by Ohm's law one half of the main 
current would flow through the point of the brush and the 
other half through the heel, it is simply a question finally as to 
which half of the main current shall be thus caused to diverge 
At the non-sparking point this divergence by assimilation is 
just precisely achieved, and all flow of current in either 
direction withdrawn from the brush point. But there is too 
much of the diverting s.-g. current when the brushes are too 
far forward, so that its surplus is broken and causes sparks. 
Whereas, when the brushes are too far back, not only is the 
divergence of main current in the wrong direction — that is^ 
from heel to point — ^but there may be (and is, in the cases we 
have assumed) a surplus of the diverting s.-c. current also: 
hence, the grand total, composed of the whole of the mam 
current and the surplus of s.-c. current, is broken, with violent 
sparking due to the self-induction of the main circuit as a 
result. 

Another point that may engage our attention, concerns 
the position of the plane of commutation in relation to the 
variously misplaced brushes. On an earlier page we stated 
that this followed the brushes, Imt wifh some degree of 
elasticity. It will be observed that this plane, lettered CnP 
in the diagrams, is shown in Fig. 117 (lettered On only) with 
each pair of brushes. At brushes A and B it runs through 
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the points, while at C and D it passes through just within 
the heels of the brushes. 

If we thus examine Figs. 118 and 120, showing brushes A and 
B, we shall observe that on the recession of segment r, stnd the 
breaking of the assumed ^current of 650 amperes, a sudden 
reversal is forced to . take place in the coil 6, by its being 
thrown completely among the series c in the former, and d in 
the latter. The coils b, in fact, in both these cases are thus 
suddenly commutated at that exact instant ; and the current 
in them, subsequently, will run counter to their E.M.F., until 
the C F plane is reached, as explained in Chap. XVI. (p. 160)» 
Hence the plane they are then in is the plane of commutation 
for those positions of the brushes ; and if the plane of the coil 
runs through the points of the brushes, as shown in the dia- 
grams, so also will the plane of commutation. 

To turn now, however, to Figs. 119 and 121, showing brushes 
C and D, we find here that it is not the forward coils h that are 
first reversed, but the hindmost coils,/; and in the diagrams 
this reversal is assumed to have taken place, and b and / are 
both prepared to be thrown among the other series of coils they 
are approaching, excepting in so far as they are carrying a cur- 
rent which is too great. It will be noted that directly on the 
two segments t making contact with the heels of the brushes, 
the coils /will have become short-circuited. But up to that 
instant they have had within them the ciurrent direction and 
polarity of the coils behind the brushes. This has now to be 
reversed. But it has to be further remarked, that the E.M.F. 
in the coils between / and the N P plane, has already been 
reversed by the fact that, with brush C, they are on the c side 
of the CF plane, and with brush D are on the d side of CFv 
The reversal of the current is thus so far prepared for ; and it 
is merely a case of overcoming the self-induction of coil /, which 
is now accomplished by the proper E.M.F., already acquired. 
As we have already pointed out, this reversal is not here neces- 
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sarily sudden, for it takes place after a making of contact 
between the brush heels and segments t, and not at a break. 
Hence the exact position of the plane of commutation will be 
that plane occupied by the coils / when they have an infini- 
tesimally small amount of the reverse current from h com- 
mencing to run in them — with which, it will be borne in mind, 
the current in the series of coils forward of the brushes, is 
assimilated. And this position, with the plane of the leading 
short-circuited coil cutting through the points of the brushes, 
we have assumed to be justfforward of the heels, as indicated 
by the lines Cn P in the diagrams .of the brushes C and D 
under discussion, and lines Cn in Fig. 117. 

We have alluded to the fact that in the cases of the brushes 
at C and D, the currents broken at the recession of the seg- 
ments r are merely short-circuit currents. A question might 
arise ais to exactly in what manner the self-induction of these 
short-circuits takes effect, so as to produce sparking. In- 
spection, however, will show that this is due to the sudden 
reduction at the moment of recesion, of the 500 amperes in 
the coils 6, to the normal 200 of the series of coils among which 
they are being thrown. For by the operation of Lenz's law, 
already dwelt on, so sudden a reduction will be resisted, in 
like manner, though not to the eame degree, as a sudden 
reversal. Hence at the recession of r, a momentary very high 
E.M.F. will accumulate at the point of the brush, causing a 
discharge of disruptive sparks into r, followed by arcs, in the 
case of brush C ; while the discharge will be from the segment 
r to the brush, in the position D. Both being contrary in 
direction to the main current, there is thus formed what has 
been termed back-sparking. 
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SPARKING AT COMMUTATORS.— NON-SPARKING 
WITH CARBON BRUSHES. 

It will not be inappropriate if we here devote a chapter to 
the subject of the comparative absence of sparking that 
attends the use of carbon brushes, to which reference was 
made on an earlier page, 

It may thus be assumed that with carbon brushes there 
are two causes in particular that tend to prevent sparking. 
Of these, the first is the higher resistance of the substance as 
compared with metal : while the second is the resistance of the 
contact between the brush and the segments of the commutator. 
It is the latter which we shall endeavour to show is by far the 
more important in accounting for the absence of sparking; 
though the former may also have its effects. 

Now, when carbon is used in any shape to form part of an 

electrical circuit, it is an understood thing that great care is 

always necessary in securing a good contact between it and any 

metal connection. Thus, in the case of carbons for a cell, we 

find the upper ends carefully encased in lead, and so a large 

surface of the actual carbon put in contact with that metal, to 

which latter terminals may be attached. Or again, as with the 

brushes now under discussion, it is considered distinctly advis- 

o2 
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able to thoroughly copper-plate the outer ends that go into the 
brush holders ; and not merely the ends, but a great part of 
the whole brush. The conclusion is thus negatively deducible, 
and indeed generally recognised, that the contact between 
carbon and metal, even when the contact surfaces are as bright 
and smooth as they can become, is yet not so efficient for the 
passage of current, as the contact between two bright metal 
surfaces. 

An immediate effect to be apprehended as a result of the 
combined non-inductive resistances of the contact between the 
carbon brush and the segments of the commutator, and of the 
carbon itself, will be the almost complete cessation of the short- 
circuit currents. For, as pointed out, these being impelled by 
but small electromotive forces, a small resistance only may 
reduce them to nearly or quite negligible amounts. We thus 
find' that the theory of non-sparking dependent on short-circuit 
currents will not apply in the case of carbon brushes. 

Now we have mentioned that, apart from the interposed 
effects of the short-circuit currents, the main current will 
simply follow Ohm's law in its flow to and from the brushes. 
We also called attention to the fact (page 171) that as an out- 
come of this law, the current, having two or more paths in 
li^hich to flow, would divide itself amoug these in inverse pro- 
portion to their several resistances. But we then concluded 
that (with the metal brushes), as two of the paths traversed 
coils having resistance, most of the current would flow through 
the one path of practically no resistance ; and the flow through 
the coils might be considered negligible. In the case under 
discussion, however, this conclusion requires to be modified. 

Fig. 122, herewith, illustrates part of a commutator as in 
previous diagrams, rotating in direction indicated by the curved 
arrow. The hatched portion represents the contact surface of 
a carbon brush, exten.ding equally over the segments r and 
«. One coil only, 6, is thus short-circuited; and what short- 
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circuit current may be generated is indicated by small arrow- 
heads, as heretofore, the brush being assumed at position A in 
Fig. 117. 

Now it is obvious that, taking the simple resistances alone 
into account, and with the c and d currents opposing each 
other equally in the coil 6, the whole of the c current will pass 
through lug g, and the d current through lug h. But two 




Fig. 122. — Carbon Brush. Short-Circuited Coil not revereed. 

circumstances will here require attention. First, whereas with 
the metal brush the disparity between the resistance of the 
one path through the lug g^ and the resistance of the path or 
paths through the coils h and / was considerable ; with the 
carbon brush, on the other hand, inasmuch as an additional 
resistance due to the contact is inserted in each path, this 
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disparity between the resistances of the different paths is 
diminished ; and, as farther, these inserted resistances are of a 
varying nature owing to the advance of the segments, the dis- 
parity may at times even be reversed, so that the total 
reeistanoe of a path through a coil, may be less than that 
through the lug g. Secondly, whereas in the case of the metal 




Fig. 123. — Carbon Brush. Short-circuited Coil commutated. 

brush at A, a large short-circuit current would be generated in 
h\ which by assimilation would divert the entire flow of the d 
current from K into ^, and so both the c and the d currents 
would flow through g\ with the carbon brush, owing to die 
smallness of the short-circuit current, the divergence of main 
current by that means would also be extremely small. We 
thus find that, whereas with the metal brushes the secoad 
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count, that is, the question of short-circuit currents, was all ' 
important, with the carbon brush, on the other hand, it is the 
first count, touching on the varying resistances of the contacts 
between the carbon and the segments, that is of the greart^er 
consequence. 

Turning now to Fig. 123, wherein a slight rotation of the 
commutator beyond the position shown in the last diagram is 
assumed, we find that the brush contact on segment r is but 
little more than half that on segment a. Hence the resistance 
of the contact area wxyz will be nearly double that of the 
contact on s ; and the sum 'total of resistance hj gr into the 
brush, will be much greater as compared with that by hhs^ 
than it was in the last diagram. Consequently, a much more 
considerable proportion of the c current will tend to flow by 
way olhhs. But the d current obeys the same laws as the c 
current : it has one path of minimum resistance by h and the 
contact on s, and another path of greater resistance hj hgr. 
Taking c and c?, however, jointly, and ignoring for the moment 
the resistance of 6, we find that of the total flow, about two- 
thirds will pass by A s and one third by g r, in proportion to 
the contact areas respectively on the two segments. Hence a 
flow of main, that is of c, current, will pass through h ; and 
unless the short-circuit E.M.F. generated singly by the coil or 
section of winding 6, operating against the resistance of both 
the contacts on r and s and the/esistance of the carbon, is able 
to impel a s.-c. current of greater strength than — which would 
also be in the opposite direction to — the main c current in &, 
then, the s.-c. current in h will be eliminated ; and in fact the 
coil h will be commutated. It has to be noted, however, that , 
the resistance of h will have a damping eflect on the passage of 
current through it, whichever the direction of the flow. If the 
resistance should be very great in comparison with that of the 
contacts on r and s, the flow of d current would obviously be 
confined almost entirely to the lug h^ and the c current to the 
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l^S^} up to the moment of recession. But further, the self- 
induction of b will offer opposition to a rapid commutation of 
its original d current direction and polarity to those of the c 
current. It will, however, thus be perceived that if both the 
resistance and the self-induction of the short-circuited coil or 
section of winding 6, are irncUl as compared with the resistance 




P^G. 124. — Carbon Brush. Diversion of Current from Forward Edge of 
Brush prior to recession, owing to Resistance of Contracted Contact 
on Receding Segment, 

of the contacts of the carbon brush on the segments r and s, 
an early commutation of h may take place, soon, in fact, after 
the area on s has become greater than that on r, as represented 
in the diagram. 

The effect of the alteration to the conditions depicted in 
Fig. 124 may now be considered. We observe that, owing to 
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the contraction of the sute&wxt/z with the rotation of the com- 
mutator^ the resistance of the path by lug g and segment r into 
the brush is greatly increased j while, on the other hand, 
another entry into the brush has opened up by the lug i and * 
segment t. The coil / is short-circuited as well as 6, though 
not as yet commutated; and the d current may enter the 
brush by the paths it or fhs. But b being commutated, and 
the resistance by ^r r becoming considerable, the c current will 
continue to flow more hjbhs and less by g r, up to the moment 
of recession. Hence at the recession finally of segment r from 
the brush, there will be little or no current flowing between 
them, and so little or no sparking. 

It has now to be remarked that the above line of argument 
will apply to all positions of the brush, as at A, B, G, and D, 
Fig. 117, or any position between. For a positive or negative 
lead given the brushes simply affects the direction of the short- , 
circuit currents ; and these we have shown to be of but little 
importance with carbon brushes. 

The forward edge of the brush, w y, is found liable in practice 
it would appear, to get very hot. This is thus to be accounted 
for by the fact that, owing to the resistance oflered by the self- 
induction of the coil or section of winding, 6, to the continued 
increase of the c main current through it, the current density 
through the area w xyz is abnormally high, as compared with 
that through the rest of the contact. But further, inasmuch 
as the ratio of the area wyxz to the remainder of the brush 
contact area, diminishes, not at a constant rate, but at an 
increasing rate : so also the rise of c current through h is not 
uniform, but takes place at an increasing rate, especially 
increasing at the last instant up to the actual recession. Thus 
the self-induction of 6, tending to retard the increase of c 
current through itself, acts more powerfully as the moment 
of recession approaches, or in other words, as the area, wxyzy 
becomes infinitesimal. Hence, as this area narrows to a mere 
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line, whe current density through it increases up to a maximum 
at the moment of recession. The edge w y gets heated ; while, 
nevertheless, the actual total amount of current passing is too 
small to produce sensible sparking. 



It would appear that carbon brushes have been used \Cith a current- 
-density approaching 200 amperes per square inch. But 40 or 50 amperes 
per square inch of .contact surface is given as a practical maximum, and 
30 amperes as a safe working density, as the result of experience. Discus- 
sion and correspondence on this subject may, however, be found in Tht 
JEUctrician, Vol. XXIX., pp. 192, 233, 266, 270, 287, 288, 437. 
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SPARKIN<J AT COMMUTATORS.— CAUSES EXTERIOR 
TO MACHINE. 

We are now about to enter on another distinct branch of our 
subject. Hitherto we have dwelt principally on the direct 
causation of sparking at the commutator. But there are other 
points which, though seemingly direct causes of sparking, are 
nevertheless more correctly perhaps, to be regarded as indirect 
caiises. To these we have already made some slight allusion ; 
and we refer to those faults or accidents in a machine or the 
circuit, which lead to the oscillation or deflection of the normally 
fixed planes. For, as we have pointed out, the oscillation, or 
partial rotation backwards and forwards round the axis of the 
shaft, of these planes, amounts virtually to a shifting to and 
fro of the brushes in relation thereto. In the case of such 
oscillation, therefore, it is the disagreement between the 
positions occupied respectively by the brushes, and the normally 
fixed planes, that is the ultimate direct cause of the sparking 
that would ensue. 

The stability of all the normally fixed planes, such as the 
planes of maximum and minimum potential, of requisite 
reversal, and of non-sparking {see Chapter XVI.) is dependent 
on the fixity of the centre line or plane of di3tortion lettered 
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yy in the diagrams, and consequently on the invariability of the 
angle between y y and xx m the same diagrams. An ex- 
ception that may be taken in respect of the plane of requisite 
reversal, is that inasmuch as this forms an angle with the C F 
plane through the armature, which latter plane is invariably 
perpendicular to yy^ the angle B may open to the same 
extent that the angle between RR and OF may close; and 
vice versd. Hence in this latter case^ the plane of requisite 
reversal, and consequently the non-sparking plane through 
the commutator, will not oscillate, although the angle 6 may 
slightly vary. But apart from this contingency, the position 
of y y affects that of all the normally fixed planes ; and the 
slope of yy, or in other words, the extent to which the 
angle 6 may be open, depends on the ratio of the strength of 
the field to the strength of the self-polarisation of the armature. ' 
It is thus this ratio with which we have ultimately to deal. 

This question may obviously be affected by any of the 
following causes. The strengthening of the self-polarisation 
of the armature, and the weakening of the field, one or both, 
urill open the angle 0; while conversely, the weakening of the 
armature self-polarisation, and strengthening of the field, either 
or both, will close the angle. A tendency for the normally • 
fixed planes to become bent or deflected at the axis of rotation, 
is also such as may be subsequently considered. 

These causes may now be internal and inherent to the 
machine ; or they may be altogether external. As the former 
are those that will require the most consideration, we may 
dispose of the latter first, which will hence form the subject of 
this present chapter. 

External causes of sparks and flashes at the commutator 
(due directly to the oscillation of the normally fixed planes) 
may be a ** short-circuit " between the pcisitive and negative 
leads or terminals, ''earths," or changes of "load." The 
effects, however, apart from such other consequences as the 
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buTDing of insulation or of the armature winding, throwing off 
of the belt, or pulling up of the engine, may vary according to 
the manner in which the machine is wound, and as to wheth^ 
the cause is gradual or sudden. 

^ Figs. 125 to 128 illustrate variously, separately excited, 
shunt, series, and compound wound dynamos. The outer 
circuit in each is represented by the dotted lines a 6. and cd; 
while the line a c will represent a " short-circuit " between the 
positive and negative leads, whereby the whole outer circuit is 
cut out. At E and E' are indicated leakages to earth. The 
effect of leakages into the ground will depend on circum- 
stances. Ordinarily the earth is a bad conductor for large 
currents ; and it does not answer to use it as a return lead. 
Damp or wet earth, and especially the near presence of any 
iron piping or other metal conductor running from one leakage 
to the other, would then, of course, render the effect approxi- 
mate, more or less, to that of a short-circuit. The short- 
circuit, as shown at a c, may be of more or less gradual growth, 
such as might arise from the perishing of some insulation, 
taking some little time to happen : or it may be quite sudden, 
owing to some accident, such as a metal bar falling across^ and 
so electrically connecting, a positive and negative terminal on 
a switchboard. 

To consider the gradually growing short-circuit first — which 
inay, however, be only a matter of a minute or so, or. but a few 
minutes — we find that as the fault increases, the current will 
£ow more and more through it» instead of through, and against 
the resistance of, the outer circuit cdba; ioi as the term 
"short-circuit'* implies an absence of resistance, so the path 
a c will offer ultimately practically no resistance. Now as we 
explained in Chapter XIX., wh^n a mabhiue has an outer circuit 
between the brushes offering little or no resistance, the outer 
voltage, or potential difference between the positive and 
negative bjusbee, will correspondingly yapish. The whole 
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E.M.F. of the machine is used internally^ and is employed in 
impelling current through, and against the resistance of, the 
armature winding only. This is precisely the e£Pect produced 
by the short-circuit; and hence an enormous current will 
flow. Apart from other consequences, this will at once cause 
an immense increase in the strength of the self-polarisation of 
the armature. 




cf'--^ -t^ 
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Fia. 125. — Separately-excited Machine, with Short-Circuit and Earths. 

Now, in Fig. 125, where the magnet coils are on an inde- 
pendent circuit, it will be observed that the field is not 
directly affected by the increased current. Therefore, the 
armature polarisation being increased, while the strength of 
the field is unaltered, the angle 6 will be widely opened, and 
all the normally fixed planes will oscillate forward to suit. 
This, it will be noted, is the same as though the brushes 
were shifted too far backwards. There will hence be "for- 
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ward sparking" of violence concomitant with the backward 
position, as explained in Chapter XX. ; and the flash will be very 
great owing to the immense flow of current. For the arc of 
the flash will be large, and the heat great, and the brilliancy 
will be due to the burning metal of the brushes and commu- 
tator segments, the presence of any zinc in the metals im- 
parting a green tinge to the flame. If, further, the brushes 




Fig. 126. — Shunt- wound Machine, with Short- Circuit and Earths. 



should have had lead, permitting back-induction, this latter 
effect would be intensified by the rush of current through 
the armature. Hence, the field would now also be weakened, 
and thus cause the angle Q to become still further opened. 

In Fig. 126 the field is directly affected by the gradual 
short-circuit. For, owing to the disappearance of the 
exterior voltage, there is now no potential difference between 
the two ends of the shunt, and so no current will flow 
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through it. Consequently, owing to its dependence on the 
shunt, the field will be reduced in strength to zero, or 
nearly so. The total E.M.F. will fall. But what little 
remains will send current through the armature, causing 
the strength of its self-polarisation to become abnormally 
high in proportion to the (remaining) strength of the field. 
Hence 6 will open, with forward sparking as a result. 




Fig. 127. — Series-wound Machine, with Short-Circuit and Earths. 

The above cases, however, assume a gradually formed 
short-circuit. If this were instead to occur suddenly, the 
effects, especially in the case of the shunt wound machine, 
would be diflferent. For, owing to the fact that the induc- 
tance, or self-induction, of the shunt coils would be considerably 
greater than that of the armature winding, and also on 
account of the hysteresis of the magnets, the field would not 
become reduced so quickly as the current in the armature 
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would increase. If anything, indeed, by the laws of self- 
induction (as explained in Chapter XY.), at the first instant 
the field would be strengthened by the extra current through 
the shunt that would immediately precede the ultimate 
reduction of its main current. The total E.M.F. would, 
therefore, not immediately fall, and would possibly rather 
rise for an instant. In any case, however, the whole E.M.F. 
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Fia. 128. — Compound- wound Machine, with Short-Circuit and Earths. 

being used for overcoming the armature resistance only, much 
the same effects must follow, as described above in connection 
with the separately excited machine, Fig. 125, and will open. 
To take the case of a series-wound dynamo, as illustrated in 
Fig. 127, we observe that a short-circuit in the outer circuit 
would result in ^a large current flowing not merely in the 
armature, but also through the field windings, assuming these 
not to be cut out. The field will strengthen almost proportion- 
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ately with the strength of the armature self-polarisation : that 
is, if the rush of current is not too sudden. Hence, the angle 
may not sensibly vary ; and there will be little or no sparking. 
It is to be noted that, owing to the resistance of the field 
magnet windings, some E.M.F. will be maintained outside the 
armature between the brushes, and the great increase in 
strength to the field due to the increased current in the 
magnet winding will cause the total E.M.F. to rise. Most of 
this will be used in overcoming the resistance of the magnet 
coils, which will be greater than that of the armature. But 
as the major part of the outer circuit is short-circuited, a 
larger proportion of the total E.M.F. will be used up in the 
armature than would otherwise be the case. A fact bearing 
on this point, howeyer, in the case of series machines, is that 
if the short-circuit is only partial, or at least not absolute, so 
that some resistance in the exterior circuit between the brushes 
still remains, then, up to a certain limit of decrease of exterior 
resistance, the exterior voltage, or potential difference between 
the brushes, will rise. This is owing to the increasing current 
through the field coils. But with a decrease of outer resistance 
beyond this limit, the want of exterior resistance commence* 
to have a direct effect in reducing the outer voltage, in the 
manner already explained, as with a shunt machine.*' 

With the same reasoning as before, it will be observed that 
a suddenly occurring short-circuit, with a series winding also, 
will not develop its full effects at once. For owing to the 
self-induction of the armature winding being considerably less 
than that of the field magnet coils, and also on account of 
the hysteresis of the magnets, the armature polarity will be 
affected much sooner than the field. Hence, at the first instant, 



* Reference, for further explanation on this point, may here be made to 
Prof. S. P. Thompson's " Dynamo-Electric Machinery," page 264 (fourth 
edition) — more especially to a diagram there njimbered Fig. 164. 
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the angle will open, causing* a flash of forward sparking at 
the brushes. It will be remarked further that, in all cases, 
a merely momentary short-circuit would be unable, from want 
of time, to develop all the results that would be permitted by 
a longer endurance. 

It may now be noted that, in the above instances, a gradual 
or sudden change of load will but have the same effects, though 
perhaps less in degree, to the gradual or sudden short-circuit. 
If it be attempted, for instance, to use these machines for 
incandescent lamps in parallel, a number of lamps switched 
on would be tantamount, more or less, to introducing a short- 
circuit. More current would flow ; in the separately excited 
and shunt machines the angle 6 would open, with consequent 
forward sparking : while a similar effect on the angle 6 would 
follow in the case of a series dynamo, should the introduction 
of the lamps be sudden. The brushes may be advanced to 
their new non-sparking positions. Suppose, now, the same 
lamps were switched off again. This would be equivalent to 
introducing a resistance into the outer circuit, instead of a 
short-circuit ; and opposite effects would arise. The angle 6 
would close, with back sparking as a result : and whereas the 
exterior voltage would have fallen when the lamps were 
switched on with the separately excited and shunt machines, 
and would have risen with the series machine, the contrary 
effects in this latter respect also, would arise on the lamps 
being switched off again. 

It is thus that in order to achieve the successful running of 
incandescent lamps in parallel, wherewith a steady and unvaiy- 
ing exterior voltage between the brushes is necessary, howsoever 
the current may vary, the method of compounding the above 
systems of winding has been adopted. Thus, shunt and series 
machines being affected in opposite ways as regards the outside 
voltage, by the same changes of load, a machine may be " com- 
pound wound" on both these systems; it may be shunt wound, 

r 2 
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and also have some series coils taking the main current round 
the magnets. This is illustrated in Fig. 128, where both 
windings are shown, the main by a thick line, and the shunt 
by a fine line. Hence, on a number of lamps in parallel 
being switched on (or a small short-circuit occurring), the 
extra flow of current will also go round the magnets in the 
few series coils. By strengthening the field, this will cause an 
increase to the total E.M.F. We have already observed that 
an increased current will require a higher E.M.F. to force it 
through the armature, and further, that with a given total 
E.M.F., and a decrease of resistance outside, a lazier propor- 
tion of this total E.M.F. will be used rvithin the machine as 
a fact, to drive the larger current through the armature, ai ike 
expense of the outer E.M.F. Thus, the compound winding may 
be so arranged that, when the current increases, the total E.M.F. 
will also rise, so that the extra voltage will always be suffi- 
cient to drive the increase of current through, and against 
the resistance of, the armature, and the series coils on the 
magnets. In other words, the additional E.M.F. is entirely 
used tvithin the machine ; consequently, the external voltage 
remains unaltered, as required. It will thus be observed 
further, that the shunt current being led off from the brushes, 
and the potential difference between these now being constant, 
a constant and unvarying current will flow through the shunt. 
Thus the latter will steadily maintain its share of the total 
electromotive force of the machine, and will maintain the 
exterior constant voltage required for the variable current for 
the lamps, according to the number that may be in circuit ; 
while the series winding will overcome the internal resistance 
of the machine. 

But these conditions, moreover, will subserve to the reduc- 
tion of the oscillation of the normally fixed planes, especially 
the plane of requisite reversal (see Chapter XVI.). For, re- 
ferring back to Fig. Ill, when the c and d armature currents 
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are increased^ and it becomes necessary that the h short-cir- 
cuited coil shall have had its current made equal to the c 
current, on its arrival into the same position, at the same angle 
with the vertical, as before, we find that the strengthened 
field may enable this to be accomplished. That is, the plane 
of requisite reversal will oscillate but little, or not at. all ; and 
the neutral plane, or plane of non-sparking through the com- 
mutator, being either coincident, or at a mechanically-fixed 
angle, with the R R plane, the non-sparking points will remain 
equally stable. Consequently, it is to be observed that in the 
ideal compound dynamo, under any change of load within 
wide limits, while the exterior voltage may be maintained at 
a constant value, the sparking will be practically eliminated. 



The reader desirous of entering more deeply into the subject of com- 
pound winding may be referred again to Prof. Silvanus P. Thompson's 
"Dynamo-Electric Machinery,*' pp. 263 to 265, and 289 to 300 (fourth 
edition). 
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SPAKKING AT COMMUTATORS.— ARMATURE 
REACTIONS : FIELD WEAK. 

Oases may now be considered in which the oscillation, or the 
permanent deflection, of the normally fixed planes may result 
from causes internal and inherent to the machine, and thus 
lead to more or less incurable sparking. These causes may be 
various in character. Oscillation of the planes may be brought 
about by a want of symmetry, or by a defective joint, in the 
armature winding. A permanent deflection through the axis 
of rotation may be caused by a want of symmetry, or asymmetry ^ 
in the field ; or, again, the normally fixed planes may have an 
undue inclination toward the centre plane of the field, owing 
to the strength of the self-polarisation of the armature being 
too powerful in proportion to that of the field. It is this last 
cause which we propose to discuss in this present chapter. 

In Fig. 129 herewith are represented diagrammatically 
some of the effects that may arise from undue weakness of the 
field. The armature winding, which may be considered as of 
either the drum or the Gramme type, is indicated by the 
radial lines a a and h b. For the sake of simplicity the com- 
mutator is omitted ; and the brushes are shown resting directly 
on the armature. 
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Now in Chapter VIIL, in connection with Figs. 50 and 51, 
we descanted on " back-induction," and " cross-induction," pro- 
duced respectively by the coils approximately normal to, and 
parallel to, the lines of force of the field. The same remarks 




Fig. 192.— Diagram illustrating Armature Keactions (with Brushes at 2, 2) 
and Sparking due to a Weak Field. 

will apply in the case before us, where we find, consequently, 
that the coils aaaa are exercising back-induction, and the 
coils bhbb exercising cross-induction, or cross-magnetisation, 
as it may otherwise be termed. These eflPects are what are 
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known as "armature reactions"; and, in proportion as the 
armature self-magnetisation is strong, and the field weak, so 
will their influence preponderate. As we are assuming a weak 
field, it is these armatiire reactions thus that we now find are 
of special relative importance. 

It has to be observed, hov/ever, that these two inductions, 
normal to each other, are in reality only the components of the 
armature self-polarity, which latter may consequently be re» 
garded as their resultant. This may be rendered more clear 
by Figs. 130, 131, and 132. These show an armature revolving 
in a field, with brushes ; but with the latter in three different 
positions. The self-polarity, which we have already shown 
(Chap. XVI., pp. 158, 159) must follow the brushes, is repre- 
sented by the thick line sn, which letters may also signify 
south and north respectively. Thus, in Fig. 130, where the 
brushes have a forward lead, the lines s c and a n will indicate 
the back-induction, and the lines c n and s a the cross-induction. 
Hence, lines, one of each of these inductions, for instance, a n 
and en, may be regarded as components of sn. In Fig. 132, 
the brushes are shown with a negative lead; and it will be 
observed that, while c n and s a still act vertically in the same 
direction as in Fig. 130, though they have exchanged positions, 
8 c and a n are reversed : and although c n and a n still continue 
components of s n, yet the induction s c and a n represent is now 
in the same direction with that of the field, which of course 
runs from N to S. Hence the latter has been termed forward- 
induction, inasmuch as it assists the field, in contradistinction 
to the ftac^-induction, which opposes the field. In Fig. 131^ 
n 8 being vertical, the cross-induction alone remains : that is^ 
the whole self-polarity of the armature is exerted in this 
direction "; and there is no resolution of sn into components, aa 
in the other two cases. 

Thus, in investigating the armature reactions in a field, it 
may be convenient sometimes to regard the resultant s n alone^ 
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«tnd at ^ other times to consider its components instead. For 
our immediate purpose, it will be better if we view these 
reactions in the light of their resultant only — the armature 
self-polarity. 

To examine more closely, therefore, the conditions of the 
armature itself, we know that its actual, or ultimate, polarity, 
is a compromise between two influences. The first of these 
is the armature self-excitation, tending to produce the self- 
polarity sn just enlarged on: while the second is the field 
induction, tending to induce a different polarity, as indicated 
by s' n\ These two influences being thus at variance with 
each other, the ultimate polarity, indicated by S and N, 
is a compromise between them. But it is the former of 
these, the self-polarity, s and n, movable with the brushes, 
which may none the less continue chiefly to engage our atten- 
tion. 

With a lead given the brushes as shown, it will be observed 
that these two poles of the armature come exactly under the 
horns E and H ; s opposed to an S horn, and n opposed to an 
N horn. Consequently, we find the full strength of the self- 
magnetisation of the armature directed to the reduction of the 
normal polarity of^ these horns. According to the mutual 
strengths of the opposed poles, the effects will be as follows : 
either the horns E and H will have their normal magnetism 
weakened ; or they may be entirely demagnetised ; or if the s 
and n poles are]|[very strong, the horns may even have their 
polarity reversed, and the horn E will become north, and H 
south. 

This latter eventuality, however, is more liable to occur with 
a Gramme winding than a drum. For, as pointed out in 
•Chapter I., p. 12, and illustrated in Fig. 133, the self-excited 
poles (s and n. Fig. 129) of the drum armature are broadened 
and spread so as to occupy generally two opposite sides of 
the core : whereas with the Gramme winding, wherein each 
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half of the armature tends to have its self-excited North pole 
exactly at n, and its South pole exactly at s, the two self- 
excited poles of the armature as a whole become much more 
acutely localised or confined to two mere lines, or narrow 
strips of surface, on opposite sides of the core parallel with the 
axis, as indicated in Fig. 134. Hence, with the latter, the full 
strength of its self-magnetisation is brought to bear with much 




Fig. 133.— Diagram representing Self-excited Polarity of Drum 
Armature. 



greater effect on the horns it may oppose, than would be 
the case with drum-winding. This is, hence, another respect 
in which the drum armature has a distinct advantage ; and 
inasmuch as a large' armature will have more powerful 
self-excited poles than a small armature, a larger size of drum- 
armature may be safely used without risk of reversing the 
horns, than would be the case with a Gramme. 
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In the diagram, Fig. 129, it is assumed that the horns 
E and H are simply demagnetised. In consequence of the 
shifting forward of the self-excited poles 8 and n with the 
brushes, the angle will open ; and inasmuch as the poles s 
and n are abnormally strong, this angle will open wider than 
would otherwise be the case ; and thus the field is greatly dis- 
torted. The CF plane, invariably perpendicular to yy {see 




Fig. 134. — Diagram representing Self -excited Polarity of Gramme 
Armature. 

Chapter XVI.), is also tilted as shown ; and an effect to be noted 
is that the induction lines flowing in and out from the pole- 
pieces, as shown dotted,* become very cramped or denise towards 

* It should be stated that the curvature given to the ends of these 
•dotted lines is only suggested, inasmuch as it is a departure from the more 
usual method of showing them arranged symmetrically either side of an 
imaginary straight centre line through the axis, as y y. The assumption is 
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and at the horns G and F, which hence, contraiy to the case 
with the other horns, become strongly magnetised. 

We may now notice some further eflPects that will arise with 
a weak field. Referring hence again to the diagram, Fig. 129, 
the plane of maximum E.M.F. will be observed, represented' 
by the line MM. If the brush points thus are placed 
exactly in M M, there will be the maximum potential difference 
between them. It is to be observed, however, that the s and n 
poles being then brought, together with the brushes, nearer 
to z 2, they will not so directly oppose the horns E and H ; 
and these will consequently not be so much weakened. The 
horns G and F, on the other hand, will be strengthened, by 
the nearer opposition of the unlike poles, « and n respectively. 
But bearing in mind, that, to secure an absence of sparking, it 
is necessary that the short-circuited coils, before receding from 
the brush points, should not merely have been commutated,. 
but should also have their polarity and current made equal to 
those of the coils they are about to join, we find that as there 
are only a few lines of force passing between the armature core 
and the horns £ and H, no sufficient reverse E.M.F. can be 
generated to reverse the current in the short-circuited coils 
when the brushes are anywhere near the top and bottom. It 
is only when they are moved far forward, as shown dotted, in- 



that with a rapidly rotating armature, the tendency of the iron, due to 
hysteresis, not immediately to respond to the magnetising forces acting on 
it, though possibly overpowered in a strong field, may yet, perhaps, take 
effect in a weak field in some such manner as shown. The point may seem 
of little consequence; but its importance will depend on the extent to 
which, under any given circumstances, the effect may take place. This, 
however, trenches on a subject on which it is not j^acticable to enlarge 
within the scope of these present remarks. Readers desirous of studying 
hysteresis may be referred to Prof. J. A. Ewing's book " Magnetic Induc- 
tion in Iron and other Metals," or to the same work in T?ie Electrician^ 
Vol. XXVII., more especially to pages 517, 518, 646, 547 and 602. But it 
should be understood that there is no intention to imply. here that the 
latter writer is in any way directly responsible for the above suggestion. 
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positions 1, 1, so that the coils may be excluding not only a 
sufficient number of lines, but excluding them also at a rate 
sufficient to generate the necessary E.M.F. and current (see 
Chap. I., p. 8), that the sparking will cease. Thus the plane 
of requisite reversal, lettered R R, is very far forward. Con- 
sequently, when the brushes are in the M M plane, or anywhere 
near the top or bottom, as at positions 2, 2, or 3, 3, being 
behind the R R plane, violent forward sparking will occur, as 
at the brushes in positions A and B, Fig. 117, and indicated 
by the curved arrows. 

To consider the armature reactions in the aspect of the com- 
ponents, that is, of the two inductions normal to each other,^ 
as illustrated in Figs. 130 and 132, we find that, whereas, when 
the brushes are forward in positions 2, 2, in Fig. 129, back- 
induction results ; if the brushes should be moved back toward 
the horns G and F, as at A and B in Fig. 117 just alluded to, 
/orz^arc^-induction will ensue: for the coils occupying the 
positions aaaa would have current circulating in them in the 
reverse direction to that indicated in the diagram. 

Now, as forward-induction strengthens the field, this might 
appear an advantage. A point, however, in this connection 
may be touched on, bearing reference to the diagram, Fig. 117, 
in Chapter XX., which was not then dealt with. It will be 
observed, that when the brushes are shifted back to positions 
A and B, and the s and n poles are respectively opposed to the 
horns 6 and F, unlike poles being then opposed, these horns 
are strengthened, and the lines of force will gather about them 
yet more densely than when they are not so directly opposed 
by the armature poles. Hence we perceive that when the 
brushes have a negative lead, the short-circuited coils are 
traversing a denser field than they would traverse when the 
brushes are forward, even in the case of a normally strong 
field ; and consequently they will generate a more powerful 
E.M.F., which will impel a larger s.-c. current, than when the 
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brushes are forward. Thus, when the brushes have a negative 
lead, not only is the 8.-C. current circulating in the wrong 
4irection for sparklessness, and diverting all the current flow 
to the brush points, as shown in Figs. 118 and 120, but it is 
also stronger, and has more efficacy in accomplishing the evil 
•results. Hence any apparent gain from forward-induction is 
entirely counterbalanced by the evil results that also attend 
that particular reaction. With a very strong field a difference 
of density of lines of force under the horns, according as to 
whether the brushes are back or forward, would, of course, not 
be so marked as with a weak field. It may be noted that it 
is for this reason that, in the diagrams Figs. 117 to 121, the 
brushes are shown with a greater positive lead (as at C and 
D) than a negative lead (as at A and B), so that the same 
strength of s.-c. current may be assumed in each position. 

In the case of a motor, the conditions being assumed the 
same as in Fig. 129, as regards N and S, and the position of 
the brushes, the current direction would be reversed, and the 
self-excited poles s and n would consequently exchange places. 
The horns £ and H would then be strengtkeiied by being 
opposed by unlike poles. If the pole pieces were not normally 
magnetised, yet the magnetism induced within the horns E and 
H by the armature would pervade those regions of the pole- 
pieces, so that they would attract the poles of the armature, 
and thereby cause the latter to rotate. The inverse of this 
•holds good also— that is, the case of the dynamo brushes 
shifted too far back. For, as pointed out, the horns G and F 
would be strengthened by the dynamo armature ; and so, if 
not normally magnetised, magnetism would be induced in them 
by the armature poles. Hence, the armature would create its 
own field. But the forward sparking would still take place, 
involving loss of energy and destruction of material. 

When the motor brushes are forward and the motor armature 
is creating its own field by induction, it has to be borne in 
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mind that the short-circuited coils will behave like the coils of 
a dynamo armature, and will similarly be generating a short- 
circuit E.M.F. and current. Thus the s.-c. current will circu- 
late in the same direction as in the coils h and/ in Fig. 119. 
But with the motor the main current will be flowing in the 
opposite direction. Hence Fig. 120 will represent the motor 
brush at position C in Fig. 117 ; and it will be observed that 
heavy forward sparking will occur, as with the dynamo brush 
too far back. 

Keverting, however, to the weak field of a dynamo, as repre- 
sented in Fig. 129, it has to be noted that the plane of maxi- 
mum electromotive force being represented by the line M M, 
the further the brushes are shifted from this plane the less will 
their potential difference, that is, the outside voltage of the 
machine, become. For as the positive brush descends on one 
side below the point of maximum potential, so the negative 
rises on the other side above the point of minimum potential. 
Hence on advancing the brushes in order to attain a non-spark- 
ing position, the efl&ciency of the machine is sacrificed. It is 
thus that a field, too weak in proportion to the self-magnetisa- 
tion of the armature, presents one of those cases wherewith 
sparking is practically hopeless. 



Note. — It is necessary to observe that the word demagnetised, as it 
appears on pages 219 an^ 221, should be understood to refer only to the 
stoppage of the flow of induction lines from the pole-pieces into the arma- 
ture, or vice versd. The word, as here used, is not intended to imply that 
there may be no "free" magnetism from the parts under consideration 
oiUside the field. In subsequent Chapters the word " counteracted " will 
be used where this particular meaning is alone intended, 

Q 
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SPARKING AT COMMUTATORS.— ARMATURE 
REACTIONS: MAGNETIC FLOW. 

In our last chapter we touched on the fact, in connection with 
Figs. 130 to 132, that the self-excited polarity of the armature 
might be resolved into two component inductions, respectively 
parallel and normal to the field. We also remarked that the 
armature reactions might thus be studied either in the light of 
the self-polarity merely, or else by considering the separate 
components. 

It so happens that this latter method affords special advan- 
tages for the elucidation of some of the reactions that take 
place in the field. We have already to a slight extent treated 
our subject in this manner. But it is our purpose now, 
however, in this present and succeeding chapters to adopt this 
method of investigation yet more thoroughly, and so to pre- 
pare the way to practical conclusions not otherwise, perhaps, 
«o easily attainable. With this object in view, we shall 
thus find it necessary to consider somewhat more closely than 
heretofore, the precise nature of magnetism itself. 

Now, it will be well understood that, within properly pro- 
scribed limits, lines of magnetism may be regarded as forming 
a current, similar to electricity. If an intact ring of iron is 

magnetised by a coil and electric current round a part of it, 

q2 
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Fig. 135. 



Fig. 136. 





Fio. 138. 



Fig. 139. 
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Fig. 140. Fig. 141. 

Diagrams illustrating Magnetic Flow. 



Digiti 



ized by Google 



MAGNETIC FLOW. 



229 



the induetion appears to circulate through the iron of the 
ring without there being any " field " outside, as shown Fig. 
135, where the dotted circle cc indicates the magnetic flow; 
and it will not attract any foreign magnetic body. But 
now let the ring be severed on one side, and the two ends 
drawn apart, so as to approximate the shape of a horse-shoe, 
AS illustrated Fig. 136. We then find that the induction 
has apparently flown to the surface of the iron at the two 
ends, and, if possible, it will leap the. gap between the ends, 
80 as to continue its circulation. One of these ends will be 
north and the other south ; and the nearer they ard to each 
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Fig. 137. — Diagram illustrating " Free ** Magnetism* 

other, the greater will be the number of induction lines crossing 
between them. If, again, the ring be opened out into a more 
or less straight bar, the magnetism will still be at the ends 
(Fig. 137), forming north and south poles; but the magnet- 
ism will now be what is termed "free" magnetism and will 
resemble static electricity, positive and negative, at either end. 
It is at this point, however, that the similitude of magnetism 
to electricity fails. For, whereas a charge of the latter can 
be drawn off* by the contact or near approach of another body, 
magnetism cannot so be caused to discharge itself ; and 
however much a piece of magnetised iron or steel may be put 
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in contact witk otiMr bodies of iron or steel, and may exett 
attractive force on them, its own magnetism nevertheleBS 
Temains. It maj be noted, however, that a circulation of 
*' lines of force" is still maintained, through space, or ak, 
or other non-magnetic matter, as indicated by the dotted 
lines <V, Fig. 137. 

Returning to the horseshoe, it is further known that if 
the gap or field is bridged by a bar of iron or steel placed 
across, as depicted. Fig. 138 (c?), the induction lines will crowd 
through it, finding thereby an easier passage than through 
air, owing to the high magnetic permeability of those 




Fig. 142. — Distortion of Magnetic Flow, shown graphicallj'. 

metals. There will be less " free " magnetism, and the 
induction keeping more within the metal, the field wiU be 
reduced to a minimum. Or, again, if a shorter bar were 
.inserted as at </, Fig. 139, so as just to leave very small gaps 
between its ends and the two poles of the magnet, then a 
tnuch denser crowd of induction lines will traverse these 
narrow interstices^ and along the intervening bar, than wouU 
be the case were the bar absent. If the inserted bar be 
itself a magnet, and its north pole be opposed to the south 
pole of the horseshoe, and its south to the north of th^ 
horseshoe, as shown in Fig. 140, the flow of induction lines wffl 
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be accelerated. On reversing thejbar end for end, so that south 
is opposed to south, and north to north, the opposing " like '' 
poles reduce each other, and the flow of induction lines is 
retarded as represented in Fig. 141. Furtfier, if the small 
magnetised bar be placed in the gap with its polarity across 
that of the field, as shown in Fig. 142 (representing the same 
gap as before, but to a larger scale), we then find that the main 
flow of induction is diverted, and so passes through those 
regions of the small interstices, as at e e, where unlike poles are 
opposed, but evinces a tendency to escape as " free" magnetism 
where like poles are opposed, as at //. 

Fig. 143 may now, however, engage our attention. We 
discover here the same conditions as in the last diagram; 




Fig. 143. — Distortion of Magnetic Flow, shown analytically. 

but the magnetic flow is represented differently. Fig. 142 
indicated the resvltant or ultimate flow. But in the diagram 
now before us this ultimate flow is analysed. It will thus 
be noted that there are here shown three separate circuits. 
Of these, the dotted line cc indicates the main induction of 
the whole ring; and there are two small magnetic circuits, 
ehfg^ which appertain to the polarity of the small inserted 
block, and are due to the iron on either side. Observing now 
i;he various directions of magnetic flow, as denoted by the 
arrowheads, we may perceive that at the regions // the 
direction of flow in the small circuits is contrary to that of 
the main induction, while at 6 6 there is confluence of induc- 
tion. Hence in the latter regions the lines gather together 
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and become dense, each induction assisting the other; but 
at the former, the main flow is baulked, and there is escape 
of free magnetism, as intimated. It may be remarked here 
that in Fig. 140 "forward-induction" is represented; in 
Fig. 141, "back-induction"; and in Figs. 142 and 143 
likewise " cross-induction " is illustrated, in which respect 
these diagrams may be compared with Figs. 130 to 132 in 
the last chapter. 




F H 

Fig. 144. — Armature Reactions shown analytically : N^ative Lead and 

Forward-induction. 

We may now proceed to the consideration of the diagrams, 
Figs. 144 and 145. These show once more an armature 
revolving in a field. In the former the brushes are represented 
with negative lead, thus giving rise to forward-induction ; and 
in the latter they have positive lead, with consequent back- 
induction. The thick line sn indicates the armature self- 
polarity as heretofore. 

Examining these diagrams now more closely, and comparing 
them with Figs. 130 to 132 and 140 to 143, we observe that 
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the self-polarity sn is resolved into its two component in- 
ductions, and we find that the cross-induction is represented as 
having two magnetic circuits d ef and ghl, similar to those in 
Fig. 14:3; and the forward and back-inductions are represented 
by the lines pqr and p q' r. The main induction of the field 
is indicated by the thick lines ahc and a V c. It will thus be 
observed that the inductions parallel with the field divide, so 




Fig. 146.- 



-Armature Reactions shown analytically 
Back-induction. 



Positive Lead and 



that they flow partly through the upper, and partly through 
the lower, half of the armature. Were the brushes to be with- 
out lead, and placed exactly top and bottom, there would then, 
of course, be neither forward nor back-induction* But with 
lead assumed, the presence of these inductions needs to be 
taken into account. 

A point that may be remarked here is that the strength 
of any magnetic flow is measured by the numh&r of imaginary 
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lines of magnetism that may flow together through any giyen 
sectional area of metal, matter, or space — ^in other words, by 
their density. Moreover, inasmuch as in Fig. 129 we assumed 
that the armature self-excited poles were equal in strength to 
the horns they opposed, and so counteracted them, we may 
take the same assumption here. Hence, in Fig. 145 the horns 
£ and H may also be regarded as being counteracted by the 
opposing 8 and n armature poles ; and, consequently, that the 
dendty of the magnetic lines issuing from n, equals the density 
of those that would be issuing from the horn H ; and the two 
opposing densities of « and £ would also be equal. 

We may now consider the various directions of magnetic 
flow in these latter diagrams. Thus, at the outset, it is to be 
observed that in Fig. 144 the inductions ahc^ ab' c^ andr^j;, 
r^'/>, are all shown confluent with one another through the 
magnets, field and armature, concomitant with the negative 
lead to the brushes ; whereas, in Fig. 145, the field-inductiotis 
ahc^ ah' Cy are shown opposed throughout topqr and jp q' r, in 
accordance with the positive lead. But it has to be noted in 
Fig. 145, that of the three lines of flow through the h<»*n H, 
and with the assumptions as above, the strength of p^ r plus 
that oi glh will together equal the strength of the counter- 
flowing magnetism represented by the line a h' c. It will be 
convenient if we further assume that glh and pq r are each 
respectively half of the back and cross-inductions, and are equal 
to each other ; hence, either one of them will equal half a h' c, 
which latter is itself half of the main induction. 
- Having regard now to horn G. in the same diagram (Fig. 145), 
it will be perceived here that the cross and back-inductiona 
glh and pqr oppose each other, and being equal, they thus 
eliminate each other's flow. Consequently, the half-field in- 
duction a 6 c is alone left. We hence find that, inasmuch as 
there is no flow either way through the horn H, the diflerence 
in strength between this horn and the horn G may be said to 
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be infinite. But, of course, with other assumptions, if for 
instance the back-induction were not so strong as just 
supposed, then the field-induction flowing from the hom'H 
would not be so equally opposed, and H would not be quite 
counteracted; and though some of the cross-induction would 
now be left to assist the field-induction in horn G, and so cause 
this horn to be stronger than above supposed, yet the horn H 
having now some strength, the difference in strength between 
the two horns would no longer be infinite. 

Reverting now, however, to Fig. 144, we find that at th^ 
horn H — similarly to the first assumption in G, Fig. 145— 
the forward and cross-inductions oppose each other, thus 
leaving the half -field induction flow a V c. At horn G, on the 
other hand, all three inductions are confluent. Thus, beside 
the fact that in Fig. 144 neither horn is counteracted, the 
point now to be noted is that, whereas the difference in strength, 
on the first assumptions, between the horns G and H in Fig. 14'5 
was infinite, in Fig. 144 G is merely twice the strength of Hi 
Hence, in Fig. 144 the field is not so distorted, nor the angle % 
80 wide open, as in Fig. 145. If the brushes are moved to the 
middle positions, so that neither back or forward-induction 
exist, we then find that, with the same assumptions of strength; 
the horn G will be three times the strength of H ; and the 
line yy, representing the distortion of the field, will occupy 
a position intermediate in its inclination between the twd 
extremes depicted. 

In the necks of the pole-pieces on the line xx much differ- 
ence of effect in the various cases will be observed. Thus in 
Fig. 144, with the negative lead, we perceive that in the N 
pole-piece the armature reactions oppose each other, thereby 
leaving the field-induction to flow alone; but in the S pole- 
piece, on the other hand, all the inductions are confluent. On 
the line x x, Fig. 145, we find that as the armature reactions in 
the N pole-piece both oppose the field-induction, and are 



Digiti 



ized by Google 



SPABKING AT COMMUTATORS. 

together assumed equal to the latter, there will here be no flow 
at all : and in the S pole-piece the field-induction will flow 
alone. 

It needs to be well understood, however, that in these 
oppositions of flow, absolute elimination of magnetism does 
not occur. For it is only in the sense that the magnetic in- 
duction approaches the nature of a current that such :flow may 
be stopped. The magnetism still remains, but, as intimated 
in connection with Fig. 142 (//), it becomes " free." Hence 
experimentally in practice^ the lower end of the N pole-piece 
in Fig. 145 would be found to attract foreign bodies of iron or 
steel much more powerfully than would the S pole-piece in 
Fig. 144, where the induction has an unopposed irUemcdflow, 
and consequently does not become '* free." 

Now magnetism at a south pole becomes free just as much 
as at a north pole, as shown Fig. 137. Hence we observe that 
in Fig. 145, the armature self-magnetisation being opposed 
pn bloc at both the s and n poles, the whole of this also tends to 
become free. In Fig. 144 the contrary holds good; and we 
find that the self-magnetisation of the armature has an un- 
impeded flow in and out of the pole-pieces. The proportionate 
Aqw of lines of magnetic force between the pole-pieces and 
the armature is represented by the small lines crossing 
the intervening air-gap. Thus, though the total amount 
of magnetism, so to say, may be the same in each case, 
yet there is much more waste by magnetism become free 
with the back-induction than with the forward-induction. But 
it is equally obvious, however, that with little or no lead to the 
brushes, there will be less waste by free magnetism than when 
there is positive lead giving rise to back-induction. The 
inutility of the forward-induction has already been expatiated 
upon in the last chapter. It will be noted that Fig. 129 
depicted the ultimate results of the reactions shown more 
analytically in Fig. 145. This " free " magnetism forms part 
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of what is termed the " waste field " of a dyiiamo. It needs 
to be well borne in mind, however, that, in the above re- 
marks, the effect of the air gaps between the armature and 
pole-pieces has been disregarded. In actual practice the 
waste field is considerable ; and for this the gaps are chiefly 
responsible. Were there no gaps, and the armature core 
fitted tightly between the pole-pieces, then the magnetic 
circuit within the magnets and armature would be entirely 
"closed," as in Fig. 135. There would be, practically, no 
free magnetism and, consequently, no attraction for foreign 
bodies of iron or steel. This latter remark, however, will apply 
more justly to the case represented in Fig. 144 than to that in 
Fig. 145. For, in the latter, the juxta-position of "like"^ 
poles at the horns E and H would cause the formation of a 
joint " consequent " pole at each of those regions, from whence 
would issue lines of free magnetism, as represented at ffy 
Fig. 142. With the presence of the gaps, the flow of main 
induction is retarded in the sense of its resemblance to a 
current, and thus causes a large proportion of it to fly to the 
surface and become free. Hence, as shown at cV, Fig. 137, it 
seeks a path from N to S through the air on all sides, thus 
forming " waste field " as intimated, to which that produced 
by the armature reactions above discussed is additional. 



On May 11th, 1893, a Paper was read by Mr. W. B. Say era 
before the Institution of Electrical Engineers, describing a 
method of armature winding by which the forward-induction 
may be utilised without sparking at the brushes. This may be 
explained with the assistance of the diagram herewith (Fig. 146). 
It will be observed that between the main winding cd oi 
the armature and the commutator there is inserted another 
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series of coils u v. These latter are termed '* commutator coils" 
(by Mr. Sayers), and are interwoand on the armature with the 




><33r yfWf ^93^ 
><3Sb >^26b ^j35 
>/99jc >v66x ^^^33x 

/vl20x >^240x ^r360x 




Fig. 146. — Diagram of Sayers' Armature Winding, showing sparkless 
running with negative lead to the brush. 

main winding c d^ although for clearness here shown separate* 
Put shortly, and comparing this with Fig. 118 showing the posi- 
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tive brash in the same position, it will be seen that by means of 
the "commutator coils" a resultant short-circuit current is 
caused to flow out at the lug ^, thus baulking the main current 
from the armature that would otherwise be flowing in at g* 
The sparking such as indicated in Fig. 118 is thus obviated. 
Hence, with this form of winding an armature may be per- 
mitted to create its own field by inducing the necessary 
polarity in the pole-pieces of the field magnets, as intimated 
on page 224, and thus field magnet coils are not required. 

It may, however, be of interest to analyse this method of 
winding, and its theory, more closely. Thus, an output may 
be assumed, as represented in the accompanying diagram, of 144 
amperes up the brush, composed of 72 amperes from each 
half of the main winding c and d respectively. Now, the brush 
being at position A, Fig. 117, it will be noted that the coils 
toward the right at d and v are including lines of force at a 
greater rate than those to the left, and, consequently, are 
generating a higher E.M.F. With the same resistances in 
each case, larger currents will therefore be set up by the coils 
toward d and v than towards c and u. The numbers on the 
diagram all representing amperes, it will hence be observed 
that the coils z, y, x, /, and b are represented as generating 
currents equal to 360, 19^8, 99, 99, and 39 amperes respectively. 
It will be noted, however, that these are respectively only 
currents that wovld circulate were there no opposing currents 
in the same circuits — as was also the case in Figs. 118 to 121. 
All these five coils are short-circuited by the brush ; rand it has 
to be observed that here also the conditions depicted are those 
that are broken by the recession of the segment r from the 
brush, and so are not the results of the recession. The analysis 
of the effects may now be accomplished by considering in detail 
the course pursued by the current from each short-circuited 
coil individually and in order ; after which the mutual effects 
of these various currents one on the other may be observed, and 
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the result noted. On the lugs g^ A, and i are thus denoted by 
the arrowheAds, numerals, and letters, the currents 'which will 
be tending to flow in them from each of the five coils respec- 
tively. The 99 amperes at coil /, for instance, leaving at k 
and needing to return at /, has two paths which it may pursue^ 
namely, hjxgmnoizl and kyhnoizL In the former, the 
resistances of the coils 6, a*, and z have to be oTcrcome, but in 
the latter only that of y and z (neglecting the resistance of the 
intermediate conductors). Coil z being common to both paths, 
we find that the current will divide itself between these two 
paths inversely according to their resistances — that is, as two to 
one {see page 171). Hence, in the path wherein the resistance 
of the two coils h and x is encountered we find only 33/ 
amperes will flow down, and where the one coil y is encoun- 
tered 66/ will flow; while the undivided current of 99/ will 
outflow, on its return to the negative end of coil /, through lug 
t\ The current from h being analysed in the same manner, we 
perceive that while the whole 39 6 descends through lug ^, 
this will rise in currents of 26 and 13 amperes respectively in 
h and {. So also will the other currents divide and flow, as 
indicated; and it will be noted that the 198 amperes from coil 
y^ having return paths right and left of equal resistance, 
returns in two equal currents of 99 y each. Cancelling now 
all opposing short-circuit currents, we ascertain, as indicated 
at m 71 o, that a resultant 48 amperes of short-circuit current 
will tend to outflow through lug g ; and similarly, 68 amperes 
through /i ; while 116 amperes will enter through t; and 
116 = 68 -h 48. 

But to consider now the main armature currents c and d^ we 
observe that 72 c amperes will arrive at y, and 72 at Z. Each 
of these currents will have three paths to the brush (up to the 
moment of recession), passing through a;, y and z respectively, 
of which paths consequently the resistances will be as one, two 
and three. The c current, for instance, will encounter in one 
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path the resistance of coil x only ; in the second path that of 
b and y ; and in the third path that of &, / and z. We thus 
perceive that the main currents will divide themselves through 
these three paths in the proportions denoted at J, h and L 
These form totals of 48 amperes each, as indicated below the 
points g, h and i. But in g we now find that the 48 c e^ current 
is met by the opposing 48 short-circuit current. Hence, at the 
moment of recession, there will be no current whatever flowing 
in the path m g xj^ and so no sparking. In h we observe that 
a difference of 20 amperes will outflow, as indicated; but in lug 
i the 48 cc? will augment the confluent short-circuit 116, form- 
ing a total of 164. This latter thus divides at o, sending the 144 
up the brush, leaving the 20 to flow in the circuit nhyfzo:^ 
and the double arrowheads will indicate the currents that will 
actually and ultimately be flowing in the circuits. 

It will thus be remarked that by the process of asdmilor 
tion of currents (see pp. 168, 169, 192, especially the latter) the 
action of the resultant short-circuit current due to the electro- 
motive forces of the short-circuited commutator coik has the 
effect of diverting the flow of current from the point to the 
heel of the brush, as in Figs. 119 and 121, such effect being, 
in fact, almost entirely due to the hindmost coil z. 

With regard to the potential, inasmuch as the coils x^ y, and z 
are in series between the main winding c d and the resistance of 
the outer circuit, then (as pointed out on pp. 180, 181) their 
electromotive forces will accumulate with, and become added 
to, the E.M.F. of the main winding. Further, it will be noted, 
that taken separately, coil z will generate a higher E.M.F. than 
y, and 2/ than x. But in the commutator, apart from the effect 
of the " commutator coils," the M M plane being toward c and u^ 
segment r will have a higher accumulated E.M.F. than s, and 
s than t. It will thus be observed that the commutator coil x 
of least potential is in series with the segment r of greatest 
potential ; and inversely the highest charged commutator coil z 
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is in series with the lowest charged segment t The potentials 
of the commutator coils, added to the potentials of the seg- 
ments, thus tend to equalise the latter in this respect. Hence 
concomitant with the absence of current flow between n and m, 
segments r and s may be assumed of equal potential. But, as 
represented in the diagram, it may be assumed that the E.M.F. 
from z has made segment t of slightly higher E.M.F. than ^ as 
would be concomitant with the small current of 20 amperes 
flowing from o to Uy and up nh, U y generated a higher E.M.F* 
than here imagined, it would impel a larger short-circuit current. 
So that with the increase of E.M.F. of s over r, there would also 
be a flow of current from 7i to m, and consequent back-sparking 
at the moment of recession. This would occur, it will be per- 
ceived, if the negative lead to the brush were increased. Con- 
trariwise, less negative lead, by letting the proportional E.M.F. 
of y drop, will cause forward-sparking. With regard to these 
short-circuit currents, the 360 amperes in coil 2, the 198 iny, 
99 in X, 99 in /, and 39 in 6, it has to be noted that the pro- 
ducts of these and the electromotive forces of their respective 
coils, that is, the E.M,F. generated in each coil at the moment 
of short-circuiting — ^not the total absolute E.M.F. of the machine 
— will represent a certain amount of lost energy. This, how- 
ever, does not necessarily mean energy that has been created 
and then lost by being misspent. For it is rather a loss by the 
prevention of the creation of energy which might otherwise be 
added to the total efficiency of the machine, but here is not 
added. 

This point may be made clearer. Reference to Fig. 118 
(p. 185) will show how the forward-sparking that occurs 
with ordinary drum or Gramme winding, when the brushes 
have negative lead, is due to the breaking, not only of the main 
current, but also of short-circuit current. Reverting to the 
diagram accompanying these remarks, it will be seen that, 
besides the main current of 48 amperes entering at g, there 
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are also the short-circuit currents, in part or wholly, from the 
coils /, 6, and a?, also ^entering by lug ^, forming a total much 
larger than the main current alone, similar to the case in 
Fig. 118. It is thus this whole total, in the case assumed 
33/+ 39 6 + 99 0? + 48 cc?= 219 amperes, that has to be pre- 
vented from entering through lug ^, which is accomplished 
by a counter-current of the same quantity. 

Argument might be adduced that as these opposing currents 
prevent each other's flow, therefore the energy of which they 
would otherwise form factors is not spent. But, as intimated, 
this is not the point. Analogy to the casejmay be found thus* 
If two steam engines, with full steam turned on, are geared 
together so that each prevents the other's motion, tio work is 
done, and so no energy is spent. Or, again, if two dynamos be 
coupled up, positive to positive and negative to negative, on 
being run, their currents will oppose, and so baulk each other ; 
and if their outputs are equal, no current at all will flow ; and 
so, here again, no work will be done. But the point now is 
that, with both the engines and the dynamos, these being 
rendered in each case assumed mutually inoperative, they 
represent so much capital outlay lying practically idle, and 
producing no dividends. It is thus that the loss due to all 
the opposition of currents in this winding may be viewed and 
estimated; for we find here, that the products of these currents 
and their several electromotive forces represent so many watts 
oi power opposed to power, which, for want of motion, mutually 
prevented, is not converted into energy or work, which might 
otherwise become added to the general efl&ciency of the machine. 
This loss, in fact, may be regarded as the price of the sparkless- 
ness attained by this arrangement of winding, to be put against 
its various advantages, such as the non-requirement for coils on 
the field-magnets. 
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CHAPTER XXV. 



SPAEKING AT COMMUTATORS.— ARMATURE 
REACTIONS: FIELD ASYMMETRICAL* 

Haying thus fax discussed the subject and theory of magnetic 
flow, we may now proceed with our general disquisition into 
the causes of sparking, in which our last chapter was some- 
what of the nature of an interpolation. The source of sparking 
we propose now to consider was among those mentioned at the 
commencement of Chapter XXIIL, and we allude to a want of 
symmetry, or dsymmel/ry, in the field — that is, a field stronger 
in one half than in the other half ; or, in other words, having 
regions on the opposite ends of any diameter which are not of 
equal strength. It is in this direction, therefore, that we may 
find that particular method of investigating the reactions of an 
armature in the field, illustrated and described in our last 
chapter, to be essentially of service. 

The case of a field excited by four magnets in parallel, as 
illustrated Fig. 147 herewith, affords an example wherein such 
absence of symmetry might be produced, by one coil not 
developing its full exciting power, owing, perhaps, to a bad 



* This and the chapter preceding are based largely on a Paper read by 
Mr. Jas. Swinburne before the Institution of Electrical Engineers, and 
published in The Electrician, Vol. XXIV., 1890. {See Feb. 14th, pp. 374 
375 for particular portion to which reference is made.) 
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joint. Thus one side of the field would have fewer lines 
of force than the other. 

But in all cases of an asymmetrical field, it may be remarked, 
a drum winding will be less afifected by this manner of fault than 
a Gramme, For the coils of the former embrace the whole 
field with all its inequalities ; while two coils of the latter at 
opposite ends of a diameter may be traversing portions of 
the field unequal in strength, and so will not generate the 
same E.M.F. 
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Fig. 147. — Four Magnet Windings in Parallel. 

Apart from the possible cause mentioned above, however, 
there are two other sources from whence may arise this particular 
trouble, which are of a nature, perhaps, not quite so evident* 
To explain these, reference may be made to Figs. 148, 149 aad 
150. In the two former of these diagrams it will be observed 
that the neck of the pole-piece, as on x x^ is only half the 
section of what it is higher up, as at ^ £ ; while in the latter^ 
the section ovlxx is considerably less than half that above. 
Thus, in the last case, we find an asymmetrical field may be 
caused simply by the fact that, of the lines of inducti(m 
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descending, say, through tt, the half of the induction lines 
required for the lower part of the field have not room to pass 
down through the section v v, and to rise again through w w. 
The lines are choked or throttled in the necks of the pole- 
pieces. Hence the upper part of the field will be stronger than 
the lower part. 

But, before further discussing this latter diagram, which 
we must leave for the present, it will be better to consider 
Fig. 148. This shows a field and armature similar to those 
in the last chapter; and it will be observed that, in like 
manner, three magnetic circuits are indicated respectively by 
ahh' Cj d ef, and g k l^ representing the main and cross- 
inductions. The brushes are shown touching in the vertical 
centre line, so as to preclude any back or forward-induction; 
for either of these latter, if present, would be merely a 
superadded effect, not necessary for the present argument. 
The direction of the flow in the three circuits will be as 
indicated by the arrowheads; and it will be noted that| 
as in foregoing diagrams, in S the cross-induction flow from 
/ to e, and the main-induction from h' to c, are confluent; 
and in N the inductions from a to &' and I to h oppose each 
other. Similar confluence will be observed at the horns G 
and F, and opposition at the horns E and H. 

Now a field may be wanting in symmetry, yet without being 
absolutely weak. There may be plenty of exciting power in 
the magnet coils, but the results are not equally distributed 
through the field. For our present purpose, however, it will 
be convenient to assume that the field before us is weak as. well 
as asymmetrical, so that the effects it is our object to render 
evident may be the more conspicuous. 

A field may be rendered weak by two causes. These may be 
either that the magnets are too small, or else that the field- 
magnets are not sufficiently excited, owing to a deficiency of 
ampere turns in their coils. In the former case the magnets 
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and pole-pieces may be carrying all the induction lines possible, 
or in other words, they may be " saturated ;" but in the latter 
case they will not be saturated. 

Of these two causes, hence the former may be assumed to be 
the case in Fig. 148; and consequently it is understood that 
both the magnets and pole-pieces are saturated. It should be 
noted, however, that this means that these parts are saturated 
by the main induction along abb'c alone. We have now to 




Fig. 148. — Asymmeti-y of Field due to Throttling of Cross-induction. 
Sparking at one Brush only. 

consider the superimposed effects of the cross-induction, in- 
dicated by the smaller circuits ghl and d ef. 

In the first place, it needs to be observed that, inasmuch as 
« n is vertical, the opposition of the armature self-excited poles 
to the horns E and H will not be so direct as in the case repre- 
sented in Fig. 145. Back-induction being absent, we may in 
fact adopt the exaggerated assumption, with the assumption of 
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a weak field, that the cross-induction is by itself equal to the 
field-induction. Thus now to direct our attention, to these cross- 
inductions, we observe in the first place that these particular 
reactions of the armature do not strengthen the field, but that 
rather they are the direct cause of its distortion. For in so far 
as these magnetic inductions may be regarded as currents^ it 
will become palpable on reflection that these cross-induction 
flows will merely act on the main induction flow in much the 




Fig. 149.— The same as previous diagram, but with Polarities revers<^d. 
Sparking at one Brush only. 

same manner as on an earlier page we demonstrated that the 
short-circuit currents at the commutator took effect on the 
-main current, namely, that they diverted the flow of the main 
current from one course to another. Thus it is in the case 
before us. We find that the efi^ect or tendency of the ghl 
induction is to transfer the exit of the main induction from N 
as much as possible from the bottom to the top of the field ; 
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and the tendency of the dtf induction is to transfer the, entry 
of the main induction into S from the top to the bottom ; and, 
as illustrated by the dotted lines in Fig. 129, the whole body 
of induction lines leaving N will now crowd out as much as 
possible toward the horn G, and passing through the upper 
and lower halves of the armature, will thus tend to impinge 
for the most part on the lower half of the pole-piece S. 

It will be noted, however, that though the cross-induction 
may have this diverting effect on the main flow, it nevertheless 
does not augment the latter through the armature and field. 
The flow down g^ for instance, will merely equal the strength 
of the cross-induction ; and the strength along h' will continue 
to be just that of half the main induction; and the flow 
through the horn H will be the difference between that at g 
and h\ here assumed as nothing. 

But it is evident, referring again to the short-circuit cur- 
rents at the brushes, that if the lugs, for instance, were not 
large enough to carry an augmentation of main and short- 
circuit current, the latter could not take effect — its very 
existence in fact being imperilled. Thus it is in the case 
before us. For we find that the cross-induction from / to e 
plus half the normal main inductions are wanting to ascend 
through the section on xx. But the latter induction alone,, 
under the circumstances, saturates this section ; therefore, 
there is not room for both inductions to pass. Consequently, 
excepting in so far as S may become super-saturated, the 
def induction cannot have the effect in diverting the entry 
of main induction into S from £ towards F that it would other- 
wise have. Hence we find that the entry of main inductien 
into S will extend in area much more fully towards E, than 
its exit from N extends toward H. 

The upshot, therefore, as may be perceived, is that the field 
is rendered asymmetrical. For in the first place, as the 
induction lines will leave N in the regions towards G in a 
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dense condition, but cannot correspondingly enter densely 
the regions of S toward F, these diametrically opposite parts 
of the field are unequal in strength ; and secondly, as already 
explained, lines are passing between the armature core and S 
quite up to E, but not between the core and N toward H; 
and consequently the horn E is not counteracted like the horn H. 




Fig. 150. — Asymmetry of Field due to Throttling of Main and Cross- 
inductioD. Sparking at one Brush only. 

Further effects are now to be observed. Inasmuch as the 
lines are entering the armature more thickly toward the horn G, 
than they are leaving it toward F ; and the outflow is more 
evenly spread on the side toward S ; therefore, the ultimate 
pole S of the armature is higher above x x than the N pole 
is below it ; and the centre line of distortion y y will be seen to 
be deflected through the axis as shown. 
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MoreoTer, as the lines of force between the pole-piece and 
armature are denser toward E than H, it is obvious that the 
RR plane above will not be so far forward as that below, 
fieuce the upper brush will not require so much lead to attain 
a non-sparking position as the lower brush ; and it will not be 
possible, with the brush points diametrically opposite each 
other, for the brushes . both to be. in non-sparking positions at 
once. It will be observed, however, that this deflection of the 
R R plane refers only to Gramme winding. For it is obvious 
that with a drum winding, wherewith each coil embraces the 
whole field, some one angular position in one plane through the 
axis will be found where the requisite reversal takes place. 

Now we have remarked that when lines of magnetic induc- 
tion cannot find a circuit, as at the two ends of a bar, tiie 
magnetism will fly to the surface at the ends, and become 
"<free " magnetism radiating into space. Thus, continuing to 
refer to Fig. 148, we perceive that as of the combined inductions 
6' and d flowing to meet each other, all cannot pass up through 
the neck of S, a remainder, equal to the d cross-induction, 
will be left without a circuit. This remainder will, therefore, 
become "free." It may be said in fact that the d cross- 
induction, finding no circuit, but yet not being eliminated, 
becomes free at both ends, above and below. At the horn G 
both the main and cross-inductions are flowing unimpeded, so 
that neither becomes free. But at F, on the other hand, 
where the inductions oppose each other, both become free, their 
diflerence alone, if any, remaining as an internal flow. These 
remarks of course, it will be observed, are made without refer- 
ence to the air-gap between the armature and pole-pieces, 
alluded to in the last chapter, as this would not affect the pre- 
' sent argument. 

Fig. 149 is merely a reproduction of the last diagram, but 
•with all the polarities reversed. It will be seen, hqwever, that 
though the inductions are reversed, yet their confluences and 
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oppositions of flow are in the same locations as in the foregoing 
case, and, consequently, the lower brush will still require the 
most lead. 

Eeverting to the question of the free or waste magnetism, it 
will be observed that in both these diagrams, Figs. 148 and 149^ 
this effect occurs at the iiorns E, F, and H, but not at G (neg- 
lecting the effect of the gap). There is thus a want of sym- 
metry in the waste field produced, concomitant with the want 
of symmetry in the field proper. In these cases we have, of 
course, as intimated, assumed a main induction of exaggerated 
weakness, at least in respect of the horn H. With a main 
induction a V considerably stronger than the cross-induction 
g Ij sa would be usual in practice, their difference would con- 
tinue along b' c ; while the remainder, that is, g I, and a part of 
a y equal to g l^ would become free, and so form waste field 
seeking an air circuit to S. This will apply also to the horn 
E, where there is likewise opposition of flow* 
. Now all the above results, it will be perceived, are simply 
due to a want of section in the necks of the pole-pieces — or 
rather, of (me pole-piece, as at S, Fig. 148, so as to enable it 
to carry both the main and cross-inductions. In Fig. 129, it 
may be assumed that the pole-pieces are not thus wanting in 
dimensions, and that, therefore, there will be no choking or 
throttling of cross-induction in the neck, and so no asymmetry; 
and the weakness of field in that case will be attributable to a 
deficiency of exciting power in the coils of the field magnets. 

At the commencement of this chapter we alluded to an 
asymmetry of field that might be caused by the throttling of 
the main-induction itself in the necks of the pole-pieces. We 
thus find an example of this in Fig. 150. For, as previously 
pointed out, the sections here ^tww and v v are less than halt' 
that at t ty and consequently are unable to pass the full number 
of induction lines — that is, half the total number — to the 
lower portion of the field. 



Digiti 



ized by Google 



254 SPABKING AT COMMUTATORS. 

Now, it is assumed in this case that there is no deficienoj of 
strength, at least in the upper half of the field, and that, 
therefore, there is no falling away of main induction under the 
horn E, as in the foregoing cases. But, inasmuch as the lower 
part is weak, the line z x will cease to represent the centre 
plane of the magnetic lines of the field ; and this plane will now 
he higher up, as shown at x' x\ The tendency of the field will 
consequently be for the pole-pieces to induce poles on the 
armature which shall both be on the line od x\ south on the 
right and north on the left, as indicated by d and r^ ; and a 
resultant polarity will eventuate between n and v! at N, and 
between s and «' at S. 

We thus find again, in the instance of the Gramme ring here 
depicted, that y y becomes deflected through the centre at a \ 
and that, owing to the induction path through the upper part 
of the armature becoming much shorter than that through the 
lower part, the magnetic resistance of the upper will be much 
less than that of the lower path, and consequently, as shown, 
the induction lines through the armature will be more dense 
above than below. 

Moreover, as there is no absence of induction under the 
horn E, we note that the core will commence parting with lines, 
and the coils will commence excluding lines, on their arrival at 
this point. Hence we may assume the upper E R plane to be 
where indicated by the line R a ; and the upper brush, being 
given that amount of lead, will not spark. 

Having regard now to the horn H, this is normally weak, 
owing to insufficiency of main induction. It may thus be 
assumed to be counteracted by the self-excited n pole of the 
armature. There will, consequently, be a falling away of in- 
duction for some degrees above H, and lines may not commence 
entering the core from N till about where shown in the 
diagram. Thus the lower R R plane will come at or about 
a R' ; and the lower brush, as in the other cases of asymmetry 
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already discussed, will require more lead than the upper brush; 
and though the upper may not spark, the lower brush will 
spark persistently. 

We thus discover how an asymmetrical field may be pro- 
duced by the throttling of the main induction. The cause 
now described may, of course, operate simultaneously with 
that previously discussed. It is to be noted, however, as already 
remarked, that all asymmetry such as we have so far touched 
on, can be prevented in single horseshoe magnets, by simply 
making the pole-pieces of sufficient section in the necks to 
carry all the induction. 

Before closing this, chapter some remarks may be added 
concerning the cross-induction with double-end^d magnets, as 
shown Fig. 147 ; for the conditions here are not quite the same 
as with the single horseshoe magnets we have usually assumed. 
Fig. 151 is thus a reproduction of part of the latter diagram, 
showing the field and armature only. The lines ahc and a' V c' 
indicate the two main inductions, one from each horseshoe, 
and the circuits defg and hijk represent the cross-induction. 

It will now be observed, in the first instance, that there is no 
normal fiow of main induction through the necks at N and 89 
and that, further, the necks are of appreciable thickness. 
Consequently, both cross-inductions have an unimpeded course, 
and they will both be able to exercise their full eflFect in 
diverting the main-inductions, and so in distorting the field; 
though, being the same on both sides, they will not produce 
any asymmetry. For by a process somewhat analogous to 
what on a previous page^ when discussing electric currents, we 
termed assimilation, it will be evident that the a' 6' c' flow, 
being opposed in the horn E by the defg induction, will 
become divertedj-and will flow in the d efg circuit. In like 
manner, some of the^ ahc main induction will become assimi- 
lated in the hijh circuit.- It will, however, be of course 
understood that this view of the subject is only permissible 
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within the limits of the extent to which magnetic flow may be 
regarded as a current. Outside these limits it will be noted 
that there will be an escape of free magnetism at the horns £ 
and H, where the inductions are opposed, and these latter 
horns will be weakened, while the horns F and G, owing 
to the confluence of the inductions through them, will be 
strengthened. 




Fig. 151. — Four-magnet Field, with t/ross-induction. 

But we may now consider Fig.. 152. Here the necks at S 
and N have been reduced, the efiect of which is to impede 
the flow of cross-induction. A slight flow of that reaction may 
take place, but this may be disregarded. All armature 
reactions, however, are not eliminated. For a result of the 
suppression of the cross-mduGtion pjsr se, is that this induction 
on either side is now, as it were, divided into two smaller 



Digiti 



ized by Google 



ABMATUBE BEACTIONS. 



257 



ohlique'induotionB, as indicated by the circuits def; and 
whereas the line x x represented the equator of the polarities 
of the cross-inductions, we now find that the two inclined 
lines of x' and of oiT will represent the equators of the polarities 
of these smaller o6^i2^-inductions ; and the latter will, in fact, 
be the outcome of the armature coils that are in the planes 
quite or about parallel respectively with x' x and x" j/". 




Fio. 162. — Four-magnet Field, with 06%tt«-mductioii, 

Inspection will now make it evident that at all the points e e 
there is opposition of flow, and dX dd confluence of the main 
and oblique-inductions. Hence the ultimate flow will be denser 
than normal towards the points dd^ and less dense towards e e; 
and at these latter regions free magnetism will escape. It 
will be observed that the horns E and H are weakened, and 
F and G strengthened, as in the last diagram. But, inasmuch 
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as the induction in any one of these small oblique circuits is 
the outcome of a smaller number of armature coils than would 
be the case with the cross-induction proper, an oblique-induction 
will not be able to exercise such an effect in diverting the main 
flow as the cross-induction would be able to exercise. Hence 
we find that the horns £ and H in Fig. 152 will not be so 
weakened, nor the horns F and G so strengthened, as in the case 
represented, Fig. 151 ; and, other things being equal, the 
distortion will also be lessened, so that not so much lead will 
be required for the brushes to attain absence of sparking. 



These later remarks are aug^estecl by the discuauous on Papers read 
before the Institution of Electrical Engineers by Mr. W. B. Esson and 
Mr. Jas. Swinburne, to the last of which reference was made in the 
foot-note on page 243. See Tke Electrician, VoL XXIV., pp. 526-527, 
and more especially obserN^ations made by Prof. George Forbes. 

On the subject of obviating armature reactions, attention may be called 
to an abstract from an Article or Paper by Mr. J. Fischei'-Hinnen in The 
Electrician for May 26, 1893, pp. IM to 307. In a diagram accompanying 




this) article, a method of counteracting the flow of cross-induction in the 
necks of the pole- pieces is illustrated. By means of small coils surrounding 
the necks, a counterflow of induction is set up which baulks that of the 
crosis-induction. Thus the distortion of the field is minimised ; and little 
lead is required for the brushes, which may consequently rest nearly or 
quite in the plane of maximum E.M.F. without sparking. 
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SPARKING AT COMMUTATORS.— ARMATURE 
DEFECTS. 

We may now proceed to the consideration of further sources of 
sparking at the brushes on a commutator, differing materially 
from those hitherto discussed. These, though still inherent 
to the machine, are yet scarcely to be included within the 
general scope and meaning of the term " armature reactions." 
For any errors under the latter headings and trouble there- 
from, are to be understood more especially as questions of cal- 
culation and design having reference to the machine as a 
whole ; whereas, the sources of sparking we now propose to 
inquire into are more of the nature of purely mechanical 
defects, and are such as will occur in the armature only. Yet, 
even of these also, though many may arise in the workshop, 
others may have their origin in a defective design. 

Now the faulty field, it will have been noted, whether too 
weak, or asymmetrical, or both, did yet not cause any oscillation, 
or lively swinging to and fro, of the normally fixed planes. We 
found the planes bent or deflected through the axis of rotation, 
or unduly inclined. But these effects were permanent and 
stationary ; and the planes once fixed had no further normal 
movement. This, however, will not apply to the cases we are 

now about to investigate. For a fault of^a local and mechanical 

s2 
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nature in a revolying armature will be ever changing in its 
effects within the normally stationary field. Such a fault, thus, 
at some instants may have no effect, and at other instants be 
upsetting the whole circuit inside and outside the machine. 
A result will be that oscillations of the normally fixed planes, 
or constantly changing deflection at the axis, will be ever 
recurring. Movements of this kind, moreover, may be steady 
and continuous, as the armature rotates ; or they may be sharp 
and intermittent. 

Setting aside the giving way of insulation — for this would 
be equivalent to a short circuit, or an "earth," discussed 
in a previous Chapter (XXII.) — we find these faults are 
divisible under two main heads, viz., asymmetrical mnding, 
and defective joints, 

' To commence with the former, asymmetry, or a want of 
symmetry, may be produced in various ways, Edison's and* 
Siemens' earlier methods of winding — the former illustrated 
Figs. 14 to 16 — are examples in which sytnmetry was want- 
ing, awing to the sections differing from one another in total 
all-round length. Where there are more than one layer of con- 
ductors along the core, either inside or outside in the case of a 
Gramme, conductors that should lie next the core may be in 
the outer layer, and vice versd. Thus the total area enclosed 
by some of the coils will differ from that enclosed by others ; 
and so they will generate more E.M.F. if larger, and less if 
smaller. A long coil or section will also offer more resistance 
than a short one. But the upshot may be that one-half of the 
winding would be generating a different output to the other 
half. Although the necessity for symmetry is well under- 
stood by manufacturers, it will, nevertheless, be of educational 
interest briefly to consider the results of its absence. 

Figs. 153, 154 and 155 herewith, represent an armature, 
which may be either drum or Gramme wound, but of which one 
half, a, generates less E.M.F. and current than the other half, 6. 
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As regards the drum, the two halves of the winding (as shown 
Fig. 1) being intermixed, the sketches must be taken as dia- 
grammatic. Now in Fig. 153, where the weak and the strong 
half are both bisected by a straight line between the brush points 
as shown, the self-excited poles of the armature will also come 
on this line, as indicated by the letters n and «. Assuming a 
normally symmetrical field, the horns £ and H, being equally 
opposed by the armature poles, will be equally reduced, and 
the R R plane may be represented by the line through n and $ 
continued, and the distortion of the field will be represented 
by the inclination of the line yytoxx. 

But with a quarter revolution we find a condition of things 
as illustrated Fig. 154. The ampere turns of the half a being 
weaker than those of 6, the polarity of the latter is the more 
powerful, it still being understood that this refers to the self- 
excited polarity of the armature only. A oneniided polarity 
thus results, as indicated. The horn £, not being so directly 
opposed by n, is not sufficiently reduced, so that the short- 
circuited coil or coils passing it develop too much current, and 
back- sparking takes place. On the other hand, the horn H is 
opposed by s abnormally, and is, therefore, reduced too greatly^ 
so that the short-circuited coils cannot generate enough current. 
Hence forward-sparking ensues. In other words, the RR plane 
is deflected for the moment into the position R' R'. Further, 
we may note that as n is abnormally near S} and s abnormally 
removed from N, N and S both drop, and pyia thus deflected — 
that is, the field is distorted asymmetrically. Fig. 155 is a 
half revolution ahead of Fig. 154, and will be observed to show 
reverse results. It will thus be seen that as the armature 
rotates, the R R plane oscillates with each revolution between 
the two deflected positions R' R' and R" R", with consequent 
sparking ; and it may be further observed that the rule that 
the self-excited polarity of the armature must follow the 
brushes, exactly is here departed from, inasmuch as that rule 
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depended on the armature being wound with perfect symmetry. 
The Tfiean self-excited polarity will, of course, follow the brushes ; 
and the oscillations will thus take place about this mean. 

The above, however, constitutes what may be termed a mean, 
or resultant, effect of asymmetry in armature winding. Re- 
garded more in detail, it is to be observed that any particular 
ooils that may be larger or smaller than a normal size, will 
generate respectively too much or too little E.M.F. when short- 
circuited by the brush, and so will contain too much or too 
little short^rcuit current. Consequently, in the former case, 
there will be back-sparking, and in the latter case forward- 
sparking (see Chapter XX.), the latter possibly being what we 
have termed "shunt sparking." 

But a point to be noted is, that the asymmetry may be con- 
fined entirely to the end-winding, each coil being practically 
symmetrical within the field, and generating the same E.M.F. ; 
and this view of the subject may be regarded as probably of 
more importance than the foregoing. For an asymmetrical end- 
winding, by preventing all the coils or sections from being of 
the same total length, will cause their resistances corres- 
pondingly to vary. Hence, the E.M.F. not changing, the 
short coils or sections, when short-circuited, will have generated 
within them a larger current than the long coils or sections — 
it being borne in mind that with the very small E.M.F., a very 
slight variation of resistance will considerably affect the quan- 
tity of short-circuit current. So there will again be alternate 
back- and forward-sparking at the brushes. 

Our attention, however, may now be directed to that other 
source of sparking of a mechanical nature to which we have 
alluded. We refer to defective joints in the armature winding. 
This trouble is, of course, especially peculiar to heavy windings 
of which the coils are constructed of stiff bar or strip, requiring 
to be riveted, soldered, or otherwise jointed together, as de- 
scribed in our earlier chapters. A joint improperly effected 
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through the parts not being thoroughly clean and bright^ or 
the solder not fulfilUng its purpose, or from any other cause, 
will offer resistance to the flow of current. 

For couTcnience of reference, such faults due to defective 
joints may be divided under four heads. These are repre- 
sented by the letters to, x^ y, and z, in the annexed diagrams. 
Figs. 156 and 157, of which it will be observed that the former 
shows one complete heavy bar drum coil, and the latter a wire 
Gramme coil, with a wire drum coil dotted, while in both the 
commutator segment is added. A fault «r, as will be noted, 
affects the flow of current into or out of one particular segment 
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Fig. 166. — Diagram of Drum Armature Bar Coil, indicating 
Faulty JointB. 



only. With regard to fault re, inasmuch as the bar a h apper- 
tains to two adjacent coils (see Fig. 1), this fault will affect the 
flow of current between the segmeat and (mt of these coils, of 
which the commencement is shown at c. The arrows indicate 
the current flow, assuming the segment to be under the 
positive brush. It is thus to be discerned that a fault x may 
impede the whole flow into the segment of one half of the 
armature current^ such as we have denoted by c in the 
diagrams in Chapter XX., and yet permit a free flow of 
current from the half of the armature similarly denoted by 
the letter d\ while, in any case, even when that particular 
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segment is not under the brush, such a fault will impede the 
flow of current from coil to coil within the winding. Faults y y 
retard the flow of current within the winding, thus haying the 
latter efiect of fault a;. One such fault x or y^ however, it is 
to be noted, can only aflect <mt half of the winding and current 
at a time, and thus, as the armature rotates, will aflect the flow 
on either side alternately. A fault z combines with all the 
above the additional effect that, when in series with the brush, 
like faults w or a;, it may check the flow of current to or from 
hoth halves of the armature, that is, the whole flow of the main 
current. 




Fig. 157. — Diagram of Gramme or Drum Armature Wire Coil, indicating 
possible Faulty Joint. 

Now any such retardation of current as above mentioned is 
to be regarded in two aspects. First, the effects in relation to 
the main current ; and secondly, the results in relation to the 
short-circuit currents, as in the coils 6 and/ in the diagrams in 
Chapters XVII. to XX. The latter results we shall dis- 
cover to be of the greater consequence, as a matter of fact, in 
reference to sparking. For as regards the main current, it is 
to be noted that any of these faults taking effect will be in 
series with the outer circuit with all its resistance. Thus the 
actual resistance of a fault may be so small, that when added- 
to the total resistance of the inner and outer circuit, its 
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addition thereto may be nearly or quite inappreciable as 
regards any results produced. Yet the effect on the short- 
circuit currents may be considerable. In so far, however, as 
the main current may be affected, that is, reduced in quantity, 
this would cause one side of the armature to have fewer ampere 
turns than the other side, and so produce a distorted polarity 
as explained in connection with Figs. 153 to 155, with con- 
sequent sparking. 

It is undoubtedly, however, the effects on the short-circuit 
ourrents that are of the greater importance. For a fault too 
weak to materially reduce the main current may, nevertheless^ 
almost eliminate the short-circuit current. Thus, suppose the 
total resistance of a circuit, inside and outside, to be 3 ohms, 
while the resistance of one single armature coil is only *0006 
ohm, it is evident that a faulty joint in such a coil offering, say, 
*006 ohm resistance, would only increase the total resistance to 
3*006 : but it would increase the total resistance of the par- 
ticular coil to *0066, or eleven times greater than normal. 
Hence, assuming a normal main current of 44 amperes, whea 
the brush would be at the normal non-sparking position, each 
time this coil was short-circuited — taking the position lettered 
6, that is, in the diagrams in Chapters XVII. to XX. — it 
would be carrying only the eleventh part of the short-circuit 
current necessary for a sparkless recession of its segment from 
the brush, or only 4 amperes instead of 44, thus leaving a current 
of 40 amperes to be broken, with consequent forward sparking. 
The necessity, therefore, for extreme care in making the joints^ 
in a coil so that all the coils shall have a similar total resist- 
ance — or, better still, the advisability of avoiding joints as 
much as possible — ^is thus the more obvious if sparkless running 
is to be attained. 

An additional argument is, of course, to be found here for 
the use of carbon brushes. For these, as was explained in 
Chapter XXI., are but little affected by the short-circuit 
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currents; and, consequently, a defective joint that might cause 
a metal brush to spark in the manner above indicated would 
produce no such effect with a carbon brush. 

Some further causes of sparking which may now be appended 
are of a more general nature. Thus any source of vibration 
in running a machine, such as a clumsy joint in the belt, com- 
bined with too light a shaft, or insufficiently rigid bolting 
down, may cause a slight jumping of the brushes, with spark- 
ing as a consequence. A further tightening of the brushes 
will increase the wear of both them and the commutator seg* 
ments. The segments, moreover, may wear unevenly, one or 
more of them perhaps becoming burnt by periodical sparking 
(such as by a bad joint above discussed), which will then cause 
the brushes to jump, and so to spark yet more. It is especially 
important that all the brush gear should be strongly con- 
structed, so as to hold the brushes firmly, and not to spring. 
With a field symmetrical as is usual, sparking may be caused 
by the brush points not being diametrically opposite each 
other, so that they cannot both be in the non-sparking plane 
at once, and one brush may spark and not the other. Trouble 
may also arise from the commutator not being kept clean 
and free from oil and grit. Vibration, such as may lead to 
sparking, may ensue from the armature being out of balance. 
But a further source of trouble in this direction has been 
found in the use of cast metal segments, instead of rolled 
metal. This has reference, however, more especially to tram- 
car motors, wherewith, on account of the jolting, it is necessary 
to keep the brush springs somewhat tight. The frictional wear 
is thus great; and it would appear that, owing to the cast 
segments not being so homogeneous, or so uniform in their 
hardness and quality, as rolled segments, they do not wear so 
evenly. Hence, with the cast segments, at least under the cir« 
cumstances indicated, the commutator much sooner gets out of 
truth, causing the brushes to jump, with consequent sparking^ 
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THE TAPEK OF COMMUTATOK SEGMENTS. 

A CLOSING chapter may here be added, haying reference once 
more to the construction of commutators, more especially to 
the formation of the segments to a correct taper, so that 
accuracy of fit may be ensured. 

When the segments or bars for a commutator are cast, 
instead of being rolled, they require to be machined or filed on 
their sides before being put together. To secure accuracy in 
this operation, it is necessary that the parts be worked up to a 
gauge. In this manner the requisite exactness in both thick- 
ness and taper may be obtained. When, on the other hand, 
drawn copper is used, it is equally necessary to specify the 
exact taper in ordering, and generally to send a gauge, sample, 
or template to the manufacturer. 

A very useful and simple gauge or tool has been designed 
for this purpose by Mr. A. P. Trotter, and was adopted in 1886 
by Messrs. Goolden and Trotter. This instrument is illustrated 
on a reduced scale, in Figs. 158 and 159 herewith. There are 
two ways of stating the taper for a commutator segment or 
strip. One is to give the angle between the sloping sides, and 
the other is to describe the slope of one side in relation to the 
other side as a gradient of " one in so many." As a circle is 
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divided into 360 degrees, the dugle for a segment is, of course, 
arriyed at by simply dividing the 360 by the number of 
segments, or "parts." Thus the angle of a strip for a 
" 40-part " commutator will be 360/40 = 9degs. But it must 
be noted that this assumes the parts put together vdthout 
the tnstUation» This point requires attention. It has to be 
borne in mind that the mica or other insulation between the 
segments does not taper, but is of even thickness. Fig. 160 
shows how all the strips of a commutator are made to fit in the 
first instance, minus the insulation ; while Fig. 161 shows the 
same parts put together with the insulation. This latter at 
once increases the diameter ; and it should be noted further, 
in this latter case, that the sides of the sections, if continued 




FiQS. 158 and 159. 

inwards, do not meet at the centre. Here, in fact, is demon- 
strated how great an effect on the ultimate diameter the insu- 
lation may have, especially when there are a large number of 
segments, and a high voltage requiring the insulation to be 
thick. In designing a commutator, it may be observed that 

where r is the inside radius of the commutator when put 
together without the mica, K the inside radius of the complete 
commutator, n the number of segments, and d the thickne8S of 
the mica or other insulation. 

The principle of the gauge under discussion is bhown in the 
fliagram Fig. 162. The hatched portion represents the section 
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of a commutator segment. In trigonometrical language, the 
line b c represents the " cotangent " of the angle cay, other- 
wise denoted by the letter 0, which is the angle of the strip. 
The radius a 5 is unity. It will thus be observed that the 
taper of the section may be expressed in terms of the gradient 
of the line a c, as compared with the horizontal line x y^ 
obviously to be determined by the number of times a h will 
**' go into " h c. Assuming a 40-part commutator, when 6 will 
be 9°, and making use of a table of natural sines, we find the 
numerical value of the cotangent h c for the angle 6 = 9^, to be 





FiQ. 16a Fia. 161* 

6 '3 138. The line a h being unity, the gradient of a c will 
thus be 1 in 6*3138, which may be given as the taper of the 
segment. 

It so happens, that for any number of segments in a com- 
mutator, from about 40 up to 160 or 180, if the number 
of segments be divided by the corresponding numerical co- 
tangent of the angle of one of them, a constant, 6 '3, is arrived 
at when not exceeding one place in the^ decimals. This is, 
therefore, useful, since by simply dividing the number .of 
segments by this constant, we arrive at the taper in terms of a 
gradient. 
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Referring again to Fig. 162, it will be obs^nred that the 
triangles ahc and aep toe similar; and ey^a\ and ay 
— be. It is also obvious that if we shorten the parallelogram 
ahcyhj moving e y nearer to a 6, we shall open the angle 6 ; 
and vice vend. Gonverseljf if the angle be opened 6 e will 
beoome shorter, and if She closed b e will lengthen. Thus for 
a large number of segments, and oonsequently a small angle 
Ofbe and a y will be much longer than with a small number 
of segments and consequent \^tfgd angle. Now a b being unity, 
so also is c y. The distance of c y firom a b — ^that is, the length 
of the cotangent be — may be calculated for every feasible 
number of segments in a commutator in the manner stated 




Fio. 162. 



above — that is, by dividing the number of segments in 
each case by the constant 6*3. This being done, the 
various points where cy will stand on ay^ in accordance with 
the number of segments and consequent size of angle ^, may 
be marked on a y, and the corresponding number of segments 
figured on also. A scale will thus be formed on a y. Sub- 
sequently, in order to fix a c at the proper slope for any number 
of segments, it will be merely necessary to make ey stand 
perpendicularly on the mark on the scale having that number. 
It is in this manner that the scale on the gauge under dis- 
cussion is formed, with a standard unit (corresponding to c y, 
Fig. 162), of one inch. Hence, to use the tool, a flat standard 
inch gauge, held perpendicular to the edge of the* scale, is 
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placed between the jaws exactly at the mark denoting the 
number of segments. This sets the gauge open at the required 
angle or taper. In giving instructions, the distance of the inner 
edge of the segment from the centre (a, Fig. 162) may also be 
given ; though this must be the small radius with the insula- 
tion absent, as shown and explained in connection with Fig. 160. 
Thus the taper and thickness of the segmeijit are both stated. 
The gauge, after having been set, is fixed by the fly-nut and 
cross arm, as shown in the illustration. 
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Accumulation of Electromotive Force between G^erators in Series 

135, 176, 180, 181 

Air-Qaps, Waste Field, due to 236, 237, 252 

Alioth and Co. (Messrs.), Commutator of ''Helvetia" Dynamo 103, 104 
Alternating Currents and Long Sparks 136 



Ampere's Law 

Andersen, F. V., Armature Winding 

Arc, Voltaic ... 126-131,136,140, 

BackE.M.F. in 

Comparative Consumption of Electrodes 

in Self-induction Spark 

in Sparking at Brushes 



12, 131 
47-51 
142-146, 164 
... 144 
130,146 
... 145 
... 164 
27,64 
...31-35 
... 65 



Armature, Balancing of 

Coils, Construction of (see Bars) 

Coils, Inter^hangeal^ility 

. Cooling by Ventilation 

?3, 26, 29, 35-37, 41, 42, 47, 49, 66-69, 82, 84, 122 

Cooling by Oil or Fluids 82 

Current Direction in 6,7,8,10 

Drum, Advantages of .. 1, 2, 23, 219, 220, 246, 252, 254, 264, 265 

Drum, Theory of .. 1-16 

: Drum, Windings (see Armatures and End Windings). 

Drum, Electromotive Force (see Electromotive Force), 

Generation of 6, 8-12, 147-149, 158, 159, 180, 184, 223, 241 

Drum, End Winding (see End Windings), 

Heating of 21, 22, 2a-31 

Poles, Immobility of 14 

Polarisation, Self- 12,219,227,232 

Polarisation, Ultimate 12, 13 

Reactions (see Reactions) 217-219 

Reactions in Weak Field 215-225 

Reactions in Weak Field regarded analytically ... 232-237 

Reactions in Asymmetrical Field 245-255 

r Self -Excitation, Polarisation, Magnetisation (see Polarisation) 

12-14, 71-75, 158, 215, 219, 227, 232, 248, 262 

Self -Excitation, Governed by Brushes 158, 159, 217, 262, 263 

Plane of Maximum E.M.F. of 

151, 156, 159, 160, 203, 222, 223, 225, 241 

: Symmetry of Winding, Necessity for 28, 262, 263 

^-^— Wire Drum Winding, Advantages of ,.* m* ,^25 

t2 
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Armatures, Drum — 

Alteneck, Hefuer von 51,55 

Anderaen, F. V 47-61 

Clark (Latimer), Muirhead and Co. 47-51 

Crompton and Swinburne 43-47 

Crompton and Kyle 77-80 

Ediaon 39-42 

Eickemeyer ... 55-62 

Fritsche 83,84 

Hopkinson 51-54 

Kapp 63-67 

Kyle 77-80 

Parsons 80-83 

Sayers 237-243 

Siemens 2,6,17-23,31,55 

Swinburne 34,35,67-75 

Swinburne and Crompton 45-47 

"Westminster" 47-51 

White « 80 

Cross-Connector for « 54 

Assimilated Currents, Potential, or E.M.F. of 175-181 

Assimilation of Currents, General Theory 168-174 

■ of Main Armature Currents, with Short-Circuit Currents 

185-192, 241 

- of Magnetic Flows or Inductions 255 

Asymmetry in Armature Winding 259-263 

in End Winding 263 

of Field „. 215, 245-255 

of Field, Causes of 253 

of Waste Field 253 

Augmentation or AddiUon of Currents 

167, 168, 186, 188, 190-192, 241 
Ayrton and Perry's Table of Specific Resistances 95 



BacdL E.M.F. in Arc 144 

Back-Induction 73, 75, 216-218, 223-225, 232, 233, 247 

Back, or NMAtive, Lead to Brushes 

152, 153, 184-186, 188-190, 192, 223, 224, 232, 239-243 

Back Sparking 187,188,191,242 

Bars, Conductor, on Armature Qenend Considerations 25-30 

— Construction of ... ^ m» .^ ...31-35 

Eddy or Foucault Currents in 28-30 

Heating of 21,22,28-31 

Peripheral Creeping of „. ...15,16 

Heating by Foucault Currents, Prevention of 31-37 

Bedding of Commutator Segments ^ ... 114 

Bending or Deflection of Theoretical or Normally Fixed Planes 

204, 215, 251, 254, 259, 262 

Binding Wires round Armature 16, 26, 48, 61, 82 

Brushes, Burning of .«a64, 188, 190 

Carbon (see Carbon Brushes) 195-202,266-267 

Elementary Consideration of 161 

Governing Armature Self -Polarisation 158, 159, 217, 262, 263 

— > iiead, Apparent and True 157 
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Brushes, Lead, Back or Negative 

152, 163, 184-186, 188-190, 192, 223, 224, 232, 239-243 
— ^— Lead, Forward or Positive 

152, 186-188, 190-192, 217, 223, 224, 224, 232, 233 
— — — Sparking at (see Sparking). 

Cable, Copper Wire, for Armature Conductor Bars . 31, 32 

Carbon Brushes 126,196-202,266,267 

; Current Density with 202 

Heatmg of Forward Edge 201,202 

Resistance of Contact Cause of Non-Sparking . . . 196-201 

: Short-Circuit Currents Eliminated 196,201 

Carbons of Arc Lamp, Consumption of 130 

Cast Segments for Commutators, Unequal Wear of 267 

Copper and Silver 90 

Gun-Metal 87,90,91,115 

'■ Phosphor-Bronze 87,90 

Cessation of Force, Plane of ... 151, 162, 167-160, 166, 193, 204, 221 

Choking of Magnetic Flow or Induction ... 247, 250 

Chord Winding, Swinburne's 67-75 

Circuit, for Current, as Compared with Discharge 129 

Circuits, Short-, Danger of . ^. 22 

in Exterior Circuit, as Cause of Sparking 204-213 

— at Commutator 90 

in Armature 261 

in Armature Coils under Brush 

161, 163, 166-181, 183-194, 196-201 

in Armature Coils, Currents of, as cause of Non-Sparking 166 

ditto, and Assimilation 167-181 

ditto, with Misplaced Brushes 183-194 

ditto. Sole Cause of Sparking with Forward Lead 

186-188, 190-192, 194 

ditto. Cause of Hea^y Sparking with Negative Lead 

184-186, 188-190, 192, 224 

ditto, Elimination with Carbon Brushes . . . 196-201, 266, 267 

ditto. Cause of Non-Sparkiiig with Sayers' Winding 239-243 

r-, ditto, Aflfected by Asymmetrical Winding ... ... 262,263 

ditto, Affected by Bad Joint in Winding, causing Sparking, 265, 266 

ditto, with Motor 224,225 

Clark (Latimer), Muirhead and Ca>'8 Armature Winding 47-51 

Commutators ; 107-116 

Coils of Armature Winding (see Bars). 

Collector or Commutator ... 65 

Commutator, Burning of Segments .. 87, 89, 186, 192 

Cones (see Cones) ... 93, 100, 101, 106, 107, 109, 110, 112 

: Considerations in Design 86-91, 104-122 

Connections with Armature Winding ...61, 62, 117-122, 149 

Commutators— 

Clark (Latimer), Muirhead and Co. 107-116 

Crompton 103-106 

Elwell-Parker 89, 122 

Fritsche 83,84 

Giilcher 107-110 

"Helvetia" 103-105,109-111 

Hoptinson 111-114,122 
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Commutators — 

Kapp 107-115 

Kennedy ia7-lU 

Paterson and Cooper 111-115 

Mordey'a" Victoria" 103-107 

Metal for Segments and Lugs ... 87, 90, 117-119, 267 

Fitting Together 91 

GaugeforTfcper of S^oncnts, Trotter's 269-273 

Insulation 86, 88, 89, 91, 93-101, 105-113, 122, 270, 271, 273 

Insulation and Diameter 88,270 

Number of Parts or Segments 88 

Size, Length, and Diameter 87-89,270,271 

Groove, Easton's Patent 105,106 

Coils (Sayers) 238, 239, a<!H 

End-Play 89 

Driving 114,115 

Lubrication 90 

Potential Difference between Segments ... 9-12,93,148,241 

Plane of Maximum E.M.F. of, 151. 156, 167, 160, 181, 222, 223, 225 

Commutation, Plane of ... 8, 60, 72-75, 149-153, 158-162, 192-194 

in Reference to E.M.F ... ... 158 

^ Governed by Brushes 152, 153, 192-194 

Compound Winding 211,212 

Cones 93,94,98-101,106,107,109,110,112 

Angle of 106,107,109 

Made of Vulcanised Fibre 93,94,98,99,101,106 

Built of Mica 93,99,100,101,106 

Contacts, Consumption of 146 

Resistance of, with Carbon Brushes .. 195-202 

Continuous Current, Commutators for .. 86 

Current Compared with Static Electricity 129 

Current Transformer, Elwell-Parker 89, 122 

Disruptive Discharge of Sparks 126, 127, 136, 142 

Copper for Commutator Segments 90,119 

for Lugs 117,118 

Inactive 4-6,25,26 

Counteraction of Cross- Induction, Fischer-Hinnen's Method 258 

Counteraction, Magnetic, or Demagnetisation, of Horns 

75, 219-221, 225, 234, 235, 251 

Crompton and Swinburne, Armature Drum Winding 43-47 

and Kyle, Armature Drum Winding 77-80 

Commutator 103-105 

Cross-Induction 12, 71-75, 216-218, 232-235, 247, 248, 252, 253, 256 

Cause of Field Distortion 249 

with Double-Ended Magnets 256 

Prevention of, by Fischer-Hinnen's Method 258 

Current, Cause of Deflagration 145 

CauseofHeat 21-23,25,28-30,31-37,144,201,202 

Cause of Heat in Arc 130,146,188,190 

Continuous, Transfomer 89,122 

Counter to E.M.F 152, 153, 160, 193 

Density with Carbon Brushes 201, 202 

Direction and Generation of, in Drum Winding 6-12 

of Magnetism 227,230,236,237,249,256 

Primary and Secondary ..; ... 132^137 

Smelting by •«. ., ^ 144 
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Currents, Assimilation of 168-174, 185-194, 241 

Assimilated and E.M.F 176-181 

Augmentation of 167, 168, 186, 188, 190-192, 241 

Foucault, or Eddy ..28-37 

Opposition of 167-169, 172, 173, 184-192 

Opposition of. Energy Lost by 181, 242, 243 

Defective Joints in Armature Winding 261, 263, 267 

Defects in Armature Winding as Causes of Sparking ... 259-267 

Deflagration in Spark Due to Current 146,207 

Deflection of Centre Plane of Distortion of Field 261,254 

of Normally Fixed Planes 204, 215, 261, 252, 254, 269-262 

Density of Current with Carbon Brushes ... 201,202 

Difference of Potential between Armature-Winding Sections 11, 19, 22, 241 

of Potential between Commutator Segments 9-12, 93, 148, 241 

Disruptive Electric Discharge 126-128,136,142,143,146 

Smallness of Time Required for 145 

Distortion of Field 13,74,158,160,230,231,235 

of Field w}th Double-Ended Magnets 256-258 

of Field, Hane of. Deflected 251-254 

of Field, Caused by Cross-Induction 249 

of Magnetic Flow 230,231 

pf Self -Polarisation of Armature 260-263 

Diversion of one Current by another ... ... 173, 192, 224, 240, 241 

Double-Ended Magnets 245,246,1^55-268 

Driving Commutators ... 114,115 

Conductors on Armature ... 16, 16, 26, 49, 52, 56, 66, 69 

Drum- Winding (see Armature, Armatures, Bars, cmd End Windings). 

Theory of 1-16 

as compared with Gramme Winding 

1, 2, 219-221, 246, 262, 254, 264, 265 

G^eration of E.MF. and Current in 6-12 

Dynamo, Compound Winding and Sparking 205, 211-213 

Separately-Excited and Sparking 205, 206 

Series Wmding... 205,209-211 

Shunt Winding ... 205,207,208 

as compared with Motor 73,74,224,225 

Earth, Inefficient as Conductor ... 205 

"Earths" and Sparking ... 204,205,261 

Ebonite, Specific Resistance of 95 

Edison 2,39-42,261 

Eddy, or Foucault Currents ... 28-30 

Prevention of 31-37 

Efficiency and Sparking 225 

Eickemeyer's Winding 56-62 

Electromotive Force, Generation in Armature 

6, 8-12, 147-149, 168, 159, 180, 184, 223, 241 

Generation in Induction- Coil. w 141 

Accumulation from Generators in Series ... 136, 176, 180, 181 

Commutation of 158,160 

of Assimilated Currents 176-181, 241 

External, Dependent on External Resistance 

178-181, 205-213, 241 
^r— Flow of Current counter to • .* 162, 153, 160, 193 
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Electromotive Force in Secondary Coil .... ... 135 

of Induction Spark ., 135,136 

of Self-induction Spark 127,140,142 

with Disruptive Sparks or Discharges ... 127, 136, 142, 143 

cause "Shock" 143,144 

used Internally in Armature 180,181,212 

and Voltaic Arc 130,136,144 

Back, in Arc 144 

High Tension, in Crystal Palace Experiments ... 136, 143 

Plane of Maximum, through Armature 

151, 156, 159, 160, 203, 222, 223, 225, 241 

Plane of Maximum, through Conunutator 

151, 156, 157, 160, 181, 203, 225 

Electrodes, Consumption of 130, 146, 164 

Elwell-Parker Motor Generator 89,122 

End Windings, Heavy, for Drum Armatures {$ee alto Armature ; Armatures) 

Circular and Radial Connectors : Edison 39-41 

Disc: Edison 41-42 

Volutes, Double Interior : Alteneck ; Hopkinson ; EUckemeyer 51-62 

Volutes, Double Exterior: Crompton and Kyle 77-80 

Volute, Single Interior and Ciank : Crompton and Swinburne ; 

Latimer Clark, Muirhead and Co. 43-51 

Helical, Interior : Kapp 63-67 

Helical, Exterior: Parsons; White; Fritsche 80-84 

Connector, Double Volute, Jointless 54 

Enexigy Lost in Commutating Current 162, 163, 181, 242, 243 

EsBon, W. B., on Armature Reactions 258 

Ewiiig, Prof. J. A., on Magnetic Induction 222 

(Excitation, Self, of Armature {see Polarisation) 

12-14, 71-75, 158, 215, 217-219, 227, 232, 248. 262 

External Circuit, Faults in. Causes of Sparking 203, 213 

External Voltage of Genemtor Dependent on External Resistance 

178-181, 205-213, 241 

Fans for Ventilating Armature 36,37,49 

Fibre, Vulcanised 93-99, 101, 106 

for Cones ... 93,94,98,99,101,106 

Field, Normal Direction and Distribution of Lines of Force 6 

. :- Asymmetrical and Armature reactions 215, 245-255 

Causes of Aitymmetry of ... 253 

Distortion of 13,74,158,160,230,231,235 

Distortion of, caused by Cross-induction 249 

Distortion of. Deflected 251-254 

Distortion of, with Double-ended Magnets 255-258 

-. Dynamo, Compared with Motor 73, 74, 224, 225 

Self -created by Armature ... 73, 74, 224, 239 

Strength of, Relative to Armature Self-excitation 

13, 157, 158, 204-213 215-225 

-^ Waste 225,236,237,252,253,257 

Waste, Asymmetry of 253 

■^ — '■ — Weak, and Armature Reaction 215-225, 247, 248 

, Weak, Sparking i«r<u« Efficiency 225 

^— Weak, Causes of 247,248 

Weak, and Component Armature Reactions 232-237 

Pischer-Hinnen, Mr. J., Counteraction of Cross-Induction .... ... 258 
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Flash of Lightning ,. 128,145 

at Opening of Switch, Qpmpound Nature of ... 145, 146 

Flashing at Commutators, Compound Nature of 147, 164 

^ "Shunt" ; ... ... ...165,174,263 

■ Brilliancy due to Current 145, 207 

Flats on Commutator 89 

Fleming, Prof. J. A., on Flashing 145 

Flow of Magnetic Induction, Similarity to a Current 227-230, 236, 249, 256 

Internal in Closed Circuit 78, 227-229, 237 

r Confluence and Opposition of Flow 225-237, 245-258 

Density 234 

Distortion or Diversion of ... 230, 231, 249, 250, 255, 258 

Measurement of Strength of 233 

Throttling or Choking of 247,250-258 

Forbes, Prof. G., on Double-Ended Magnets 258 

Force, Lines of 4-9, 76, 148, 158, 222-224, 230, 236, 239, 252 

Plane of Cessation of 152, 157-160, 166, 193, 204, 221 

Forward Induction 217,218,223,224,232-243,247 

^— ^ Induction without Sparking, Sayers* Winding ... 237-243 

or Positive Lead to Brushes 

152, 186-188, 190-192, 217, 223, 224, 232, 233 

— . Sparking 186, 189, 190, 223, 224, 242, 262 

Sparking, Elimination by Sayers* Winding 237-243 

Foucault, or Eddy Currents • 28-37 

Free Magnetism (see Magnetism) ... 225, 229, 236, 237, 252, 253, 257 
Fritsche's Armature Winding * ... 83,84 

Oeneration of E.M.F. in Armature 

6, 8-12, 147-149, 158, 159, 180, 184, 223, 241 

in Induction Coil , .. ... 141 

Oramme Winding Introductory 

as Compared with Drum Winding 

I, 2, 192-221, 246, 252, 254, 264, 265 

Grooving of Commutator by Brushes 89 

Oulcher Commutator 107-110 

Oun-metal for Commutators 87,90,91,115 

Heat due to Excess of Current in Conductor ... .» .♦. 21, 22 

due to Foucault Currents ^ ... 28-31 

. due to Foucault Currents prevented by Construction ... 31-37 

prevented by Ventilation ' 

23, 26, 29, 35-37, 41, 42, 47, 49, 66-69, 82, 84, 122 

prevented by Liquids 82 

due to Resistance 21,25,143,144 

-in Sparks 144 

in Flash at Commutator 207 

in Voltaic Arc 144 

of Forward Edge of Carbon Brush 201, 202 

Heavy Drum Winding ... 2&^84 

Helical End Winding : Kapp's ,. ... 63-67 

Parsons' 80-83 

** Helvetia " Commutator : Alioth and Co. 103,104 

High Tension for Disruptive Sparks ... 127, 128, 135, 136, 140-144 

■ . - — Experiments at the Crystal Palace ... 136, 143 

Hooper's Vulcanised Indiarubber, Specific Resistance of 95 
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Hopkinson's Commutator ...111,113,114 

Commutator Lug 122 

End WindiDg 51-64 

— ^— Method for uie Prevention of Heating ..31, 36 

Horns, Counteraction or Demagnetisation of 

75, 219-221, 225, 234. 235, 251. 254 
■ Comparative Effects on, of Gramme and Drum Armatures 219, 220 
^— Effect on, of Armature Reactions, with Double- Ended 

Magnets 256-258 

Reversal of 76,219 

Hysteresis 208, 210, 222 

Incandescent Lamps in Parallel, Uniform Voltage for ... 211 

Induction Coil 131, 132 

Spark 126,127,136 

Self (»ee Self-induction). 

Main, of Field {tee aUo lines of Force) 78, 160, 230-237, 245-258 

Cross 12, 71-75, 216-218, 232-236, 247-25a 

Cross, with Double-Ended Magnets 256 

Back 73, 75, 216-219, 223, 232, 233i 247-258 

Forward ... 217,218,223,224,232,237-243,247-258 

Forward, with Dynamo, Inutility of 224 

Forward, with Dynamo and Sayer's Armature 237-243- 

Component 217-219,223,227,232-237 

Resultant 217-219,231 

Oblique... 257,25a 

Limited Similarity to a Current ... 227-230, 236, 249, 256 

Internal Flow in Closed Circuit ... 78,227-229,237,253 

Throttling in Necks of Pole-pieces 247, 250-25& 

Confluence and Opposition of Flow 225-237, 245-258 

Saturation by 2^8,250 

Augmentation of 250 

Assimilation of 255 

Distortion or Diversion of ... 230, 231, 249, 250, 255, 258 

Non-elimination of 236 

Need of Sectional Area for 253,255 

Density of 234 

Measurement of 233 

Waste Field 225,236,237,252,253,257 

Inertia, Electric 141 

Insulation in Armature, Generally Considered 

18, 19, 35, 41, 42, 53, 58, 61, 64, 65, 69, 82 

Destruction of, by Burning 22,37 

in Commutator, Oenerally Considered 

86, 88, 91, 93-101, 105-113, 122 

in Commutator, Affecting Diameter tS, 270, 271, 273 

• in Commutator Cones {see Cones) 

93, 94, 98-101, 106, 107, 109, 110, 112 

Specific Resistances ... ... 95 

Air 35,59-61,109,110,113 

Asbestos 93,99 

Cotton Tape 35 

Ebonite 95,98 

Fibre, Vulcanised 93-99,101,106 

Glass ^ 95,98 
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Insulation, Indiarubber ... 95,98 

Manilla Paper ... 35,48 



Mica 89,91,93-95,98-101,106,114 

Oil .... 90 

Paraffin 95-99 

Porcelain 98 

Shellac 35,48,91,95,96 

Silk Tape 35 

Tape, Silk, or Cotton ♦^ ... 35 

Varnish 31,35,47,48,91,96,99 

Vulcanised Fibre 93-99, 101, 106 

Vulcanite 98 

Willesden Paper 35,48 

Wood 64,96-98 

Internal Flow of Induction in Closed Magnetic Circuit 78, 227-229, 237 
Iron Commutator Segments 90 

Joint in Belt, Cause of Sparking 267 

Joints, Defective, in Armature-Winding, as Causes of Sparking 261-267 

Effect on Short-Circuit Currents 266 

Eflfects mitigated with Carbon Brushes 267 

Kapp, Commutators of 107, 108, Ul, 112 

Armature Winding of 63-67 

Kennedy, Commutator of 107,108 

Knife-edges, for Balancing Armature 27 

Lamps in Parallel 211 

Lead to Brushes ... 13,14 

■ Apparent and True 157 

Back or Negative 152, 153, 184-186, 188-190, 192, 223, 224, 232, 

239-243 

Forward or Positive 152, 186-188, 190-192, 217, 223, 224, 232, 233 

ControlliDg Armature Self-Polarisation 158, 159, 217, 262, 263 

Negative and Short-Circuit Currents 224 

Positive, with Motor 73,224,225 

Negative, with Dynamo, Armature Creates its Own Field 224 

Negative, ditto Sayer's Method .... ... 237-243 

Unequal, Sparking at One Brush 248-255 

with Double-Ended Magnets 258 

Leakage to Earth 204,205,261 

Lenz*sLaw ... 153,134,141,194 

Lightning Flash 128,145 

Lines of Force 4-9, 75, 148, 158, 222-224, 230, 236, 239, 262 

Liquid for Cooling Armature 82 

Lubrication on Commutator 90 

Lugs of Commutators, Types of 117-122 

Copper Strip 117-119 

Cast on Segment 119-122 

Bar Parallel with Aiis 121,122 

Magnetic Circuit 78 

Flow in Circuit : Similarity to a Current 227-230, 236, 249, 256 

Flows in Opposition or Confluence in a Circuit 225-237, 245-258 

Flow : Density of Lines of Magnetism 233, 234 
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Magnetic Flow : Distortion or Diversion of 230, 231, 249, 250, 255, 258 

Flow in l^ks of Pole-Pieces ... 236, 246, 247, 250, 253-258 

Flow, Throttling of ... .^ 250, 253-258 

» Induction {tee Induction). 

Permeability ... 132 

Magnetisation, Cross ... 12, 71-75, 216-218, 232, 247, 248, 252, 253 

Self, of Armature 

12^14, 71-75, 158, 215, 217, 219, 227, 232, 2A8, 262 
Magnetism, Free, Forming Poles : Limited Similarity to Static Change 

of Electricity 229 

Free, forming Consequent Poles ... 237 

Free, forming Waste Field ... 225,236,237,252,253,257 

Necessary to Induction Sparks and Effects ... 131, 134, 141, 142 

Non-BHimination of 236 

Magnets, Double-ended 246,255-258 

Manilla Paper 36,48 

Maximum E.M.F., Plane of, in Armature 

151,156,159,160,222,223,225,241 

Ditto, through Commutator 151, 156, 157, 160, 181, 222, 223, 225 

Ditto, ditto, and Non-Sparking Plane with Weak Field .. 225 

Mica 89,91,9^95,98-101,106,114 

Momentum, Absence of, in Electricity ... 141 

Mordey, W. M., " Victoria " Commutator 103-107 

Motor, Armature Reactions with 73,224 

Sparking with 225 

Generator; El well-Parker 89, 122 

Miiller, Experiments on Fibre 96 

Neutral Conductor, Common to Two Circuits 167-180 

or Non-Sparking Plane 151, 153, 155-157, 160, 166, 172, 252, 256 

or Non -Sparking Plane, Permanent Deflection of 252, 264, 259 

or Non-Sparking Plane, Oscillation of 183, 203, 213, 259-267 

Non Elimination of Magnetism * 236 

Non-Sparking with Carbon Brushes 126, 195-202, 266, 267 

Points 151, 163, 165-157, 160, 166, 172, 252, 256 

Oblique Induction 257,258 

Ohm'sLaw 171,192,196,240 

Oil on Commutator, Cause of Sparking 90, 267 

Oil for Cooling Armaturo 82 

Opposition of Electric Currents in a Conductor ... .. 167-194 

of Magnetic Inductions 227-237,245-268 

Oscillation of Planes, Cause of Sparkmg ... 183, 203-216, 259-267 
Oxidation of Contacts 146 

Paper Insulation, Manilla 35,48 

WiUesdeu 35,48 

Paraffin 95-99 

Specific Resistance of 95 

Parallel, Lamps in. Uniformity of E.M,F. for 211 

Parsons' End Winding 80-83 

Paterson and Cooper's Commutators 111,113 

Permeability, Magnetic 132 

Perry and Ayrton, Table of Specific Resistances 95 

Phosphor Bronze for Commutators 87,90 
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Plane of Cessation of Force ... 151, 152, 157-160, 166, 193, 204, 221 

Cessation of Force affected by Brushes 159 

'■ Commutation 8, 60, 72-75, 149-153, 158-162, 192-194 

Commutation controlled by Brushes ... 152, 153, 192-194 

Maximum E.M.F. through Armature 

151, 156, 159, 160, 203, 222, 223, 225, 241 



Maximum E.M.F. through Commutator 

151, 156, 157, 160, 181, 203, 225 

Non-sparking ... 151, 153, 155-157, 160, 166, 172, 252,. 256 

Requisite Reversal 151, 154, 166, 181, 203, 212, 213, 223, 252, 262 

Planes, Deflection of 204,215,251,252,254,259-262 

Orders of ., 151 

Oscillation of 183,203-215,259-267 

Undue Inclination of ... ... ... 215,255 

Two, of Commutation ., 7& 

Polarisation of Armature, Self- 

12-14, 71-75, 168, 215, 217-219, 227, 232, 248, 262 

Controlled by Brushes 158,159,217,262,263 

: Components 217-219,223,227,232-237 

Resultant 217-219 

m Proportion to Field 13, 157, 204-213, 215 

Oscillation of • .... 262,263 

Ultimate 12,13,74,75,158,219,251,254,262 

of Drum as Compared with Gramme 219, 220 

Immobility of 14,15 

and Torque 13-15,-26,27 

of Coils 15,16,26,27,162,163 

Pole-pieces, Flow of Magnetic Induction in ... .,. 232-237, 245-258 

Throttling of Induction in Necks of 247, 250-258 

Poles of Bar Electromagnet ... 131,229 

-^ Consequent ... 237 

Potential, Accumulation and Generation of {see Electromotive Force). 

Difference between Armature- Winding Sections 1 1 , 19, 22, 241 

Difference between Commutator Segments.. 9-12, 93, 148, 241 

Primary Coils 132,140 

Reactions, Armature, Resultant apd Components 217-219 

in Weak Field 215-225 

Regarded as Components 217-219, 223, 227, 232-237 

in Asymmetrical Field 245--25& 

with Double-ended Magnets 255-258 

Back Induction... .•. 73, 75, 216-218, 223-225, 232-236, 247 

with Motor 73,224,226 

Cross Induction ... 12, 71-75, 216-218, 232-236, 247-25a 

Cross Induction with Double-ended Magnets 266 

Forward Induction . . . 217, 218, 225, 224, 232, 237-243, 247 

Forward Induction, Utilisation of 224,237-243 

Oblique Induction 257,258 

Requisite Reversal, Plane of, 151, 154, 166, 181, 203, 212, 213, 223, 252, 262 

Deflection of 252,264,259-262 

Oscillation of 259-262 

Resistance, Cause of Heat .. 21, 25, 143, 144 

of Voltaic Arc ... •« ••• — *.. m» ... 144 

T — : Paths of Various, and Ohm's Law ^ ... 171, 192, 196-240 
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Resistance of Armature Windiiig, and Effeote 

20-23, 26, 28, 37, 41, 42, 54, 164, 261, 263, 266, 266 

and the Short-circuit Currents 168-181, 196-201, 265, 266 

Exterior to Generator Neoessary for Outer Voltage 

178-180, 20&-213, 241 

of Contact with Carbon Brushes 196-202 

Magnetic 78,254 



Resistances, Specific, Ayrton and Perry's Table of 95 

Miiller's Experiments with Fibre 96-98 

Resultant Currents 184 

Polarity or Induction 217-2)9,231 

Saturation, Magnetic 248,250 

Sayers, W. B., Winding of 237-243 

Secondary Coil and Current 132-135, 140 

Sections of Armature Winding 18,22,39,46,52,53,55,57,59 

of Armature Winding Potential, DiJBTerence between 

11, 19, 22, 241 

or Segments of Commutators, Potential Difference between 

9-12, 93, 148, 241 

Metals for 90,117-119,267 

Gauge for 269-273 

Self-Induction, Theory of 139-142,165 

in Armature Winding 162, 164, 165, 188, 192-194, 200, 201, 210 

of Field Magnet Windings 203-210 

— Sparking 

l&, 127, 130, 131, 137, 130-142, 145, 164, 165, 188, 190, 194 

SheUac 35,48,91,95,96 

Shock Due to E.M.F. 143,144 

Short-Circuit {ue Circuit). 

Siemens, Wire- Wound Armature 2, 6, 17-23, 55, 261 

Stranded Armature Conductor Bar 31 

High Tension Experiments at Ciystal Palace ... 136, 143 

Silk Tape Insulation 35 

Smeltizig with Arc 144 

Sparking at Commutotors 12&-267 

Electric, Elementary Theory of 125-146 

Electric, Ordersof 126 

Electric, Statical Disruptive 126-128^146 

Electric, Small Time for 146 

Electric, Induction Disruptive ...126, 127, 131-137, 140, 143 

Electric, Self-Induction Disruptive 

126, 127, 130, 131, 139-142, 145, 164, 165, 188, 190, 194, 206 
Electric, Self -Induction Disruptive Explained ... 139^142 



Electric, Voltaic Arc 126-131,136,140,142-146,164 

Electric, Voltaic Arc Explamed 130 



Electric, Continuous Dienruptive Discharge ... 126, 127, 142-146 



- Electric, Diuruptive, Rupturing Effects of 128, 143 



- Electric, Disruptive Discharge, Compared with Voltaic Arc 

142, 143 

- Electric, Disruptive Discharges and Arcs, High Tension, at 

Ciystal Palace 136,143 

Electric, Disruptive, Effect on Electrodes ... 128 



- Electric, Disruptive Efifoct of Lightning 

- Electric, Arc, Eflfoct on Electrodes 130,146 
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PAGE 

Sparking, Electric, Compound Nature of Flash at Switch, and Efifects 

145,146 

at Brushes on Commutator : — 147-267 

Elementary Theory of.. 161-166 

Likened to Flash at Switch 163-164 

Non-sparking Points 151,163,165-167,166,172,252 

due to MisplacemQPt of brushes 183-194 

due to Weakness of Field 215-225 

' due to Asymmetry of Field 245-255 

due to Asymmetry of Armature Winding 259-263 

due to Defective Joints in Armature Winding ... 261-267 

due to Earths or Short Circuits in Outer Circuit •.. 203-213 



due to Failure of Insulatipn ..,.. ... 261 

due to Various Causes..^.. 267 

Non-, with Carbon Brushes 195-202,266,267 

Non-, with Sayers* Winding 237-243 

at One Brush only 248-255 

Shunt 165,174,263 

Back 187.188,191,194,211,242,262,263 

Forward 

185, 186, 189, 190, 206-208, 211, 223, 224, 242, 262, 263, 266 

Forward, Eliminated by Sayers* Winding 237-243 

at Motors 224,225 

Specific Resistances, Ayrton and Perry's Table of 95 

Static Charge of Electricity, Limited Similarity of Free Magnet- 
ism to 229 

Electricity, Disruptive Discharge of 126-128, 146 

Stranded Cable for Armature Conductor Bar 31 

Swinburne, James, Chord Winding of 67-75 

Device for .Obviating Foucault Currents 34, 36 

High Tension Experiments at Crystal Palace 136 

Symmetry of Armature Winding 27,28 

Tape, Copper, Armature Conductors Bars of 32, 47 

Insulation, Cotton or Silk 35,48,64 

Temperature {see Heat). 
Tension {see Electromotive Force). 

Theory, Elemenrary, of Drum Winding 1-16 

of Electric Sparking 125-146 

of Self -mduction 139-142,165 

of Spark at Brush 161-166 

Thompson, Silvanus P., on the Arc 130,144 

on Sparking at Commutators 149 

Three- wire System, and Short-circuted Coils under Brushes 167 

Throttling of Induction 247,260-258 

Time for Lightning Flash and Disruptive Sparks 145 

Torque 1, 13-15 

— on Armature Winding ^ 15, 26, 27 

Transformer, Continuous Current, El well -Parker 89, 122 

Trotter, A, P., Gauge for Commutator Segments 269-273 

Uniform External Voltage by Compound Winding 211-213 

Uppenbom's Electrical Calendar 95 
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PAGE 

Varnish as Inmilation 31, 35, 47, 48, 91, 96, 99 

Vaseline on Commutators 90 

Ventilation 23, 26, 29, 3&-37, 41, 42, 47, 49, 66-69, 82, 84, 122 

with Fans 36,37,49 

Vibration as Cause of Sparking 267 

" Victoria " Commutator, Mord^'s 105-107 

Volatisation in Are — - .130,144,146 

Voltage {tee Electromotive Force). • 

External to Generator, Dependent on External Resistanoe 

178-181, 205-213, 241 

■ External, Uniform, by Compound Winding 211-213 

Voltaic Arc {tee Arc, Voltaic). 

Vulcanised Fibre ^. « 93-99, 101, 106 

Vulcanite 98 

Wake and Sanders, Mica Exhibit 100 

Waste Field ... * ... 225, 236, 237, 262, 263, 267 

Weak Field 215-225,23^237,247,208 

" Westminster " Armature Winding •. .. 47-61 

"Westminster" Commutators 107-110,111-115 

White, Inventor of Helical End Whiding 80 

Wiggins and Co., Mica Exhibit 100 

WiUesden Paper, Insulation 35, 48^ 

Winding {tee -Armature, Armatures, Bars and End Windings). 

Wfa^ Drum Winding, Siemens ... .„ 2, 6, 17-23, 55, 261 

Siemens', Advantages 25 

Siemens' Cable Conductors ... .« 31 

Eickemeyer's 55-62 

Wires, Binding, on Armature 16,26,48,61,82 

Wood, Wahiut, Paraffined, as Insulation ... ^ ^. 64, 96-98 
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Ampere's Law, Illustrated ^« ... 96 

Andersen, F. v., Armature, Winding of ... ♦♦, 23-28 

Commutators of 71,77 

Armature Coil, Plane of, Cutting between Two Commutator S^mente 103 

Coil, Plane of, Cutting through One Commutator Segment 104 

— ! Coils, Armature and Field, Diagrammatically Represented 102 

^ Planes, Positive Lead 105,106 

Planes, Negative Lead... .. .>> 106 

Self -Excited Polarity of, with Gramme Winding ... . 134 

Self -Excited Polarity of, with Drum Winding 133 

Armatures, Drum (see also End Windings) : — 

Andersen (a^o Latimer Clark, Muirhead and Co.) 23-28 

Crompt<Mi and Kyle 55-58 

Crompton and Swinburne ... ..- , ...17-22 

Edison ...14-16 

Eickemeyer 36-42 

Fritsche 63 

Hopkinson (o^ Mather and Piatt) 29-32 

Kapp 43-46 

Parsons ^..59-62 

Siemens 6, 7 

Swinburne 47-52 

" Westminster " (see Andersen) 

Back-Induction 54, 129, 130, 141, 145 

Back-Sparkmg 117,119,121 

Bruises (on Commutator), Elementary Theory of 109 

Elementary Theory of Sparking at 110 

Elementary Theory of Short-Circuits and Short-Circuit 

Currents through 114 

Misplacement of, and Sparking due to 117-121 

^ — Sparking at One Brush Only 148-150 

Carbon, Non-Sparking with 122-124 

Chord Winding, Swinburne's 47-52 

Coilj-ElementMy, and Ampere's Law 96 

• —' — ► Elementary, of Dynamo, and Lenz's Law 99, 100 

Induction, at " Make " 97 

^ Induction, at "Break" 98 

of Heavy Drum Bar Winding, indicating possible Faulty Joints 166 

■ of Gramme or Drum Wire Winding, indicating possible Faulty 

Joint ... ..-. ... •♦«. ^ ... 157 
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Coil of Armature Windiog, Plane of, cutting between Two Com- 
mutator Segments 103 

of Armature Winding, Plane of, cutting through One 

Commutator Segment IM 

Commutation, Plane of (CnP) with Poeitive Lead 105, 108, 117, 119, 121 

Plane of (CnP) with Poeitive Lead in Weak Field 129 

Plane of , with Negative Lead 106,117,118,120 

Plane of, OwjilUtion of (alight) 155-155 

I_ Two Planet of, with Swinburne's Chord Winding 52 

Commutator SegmenU, Trotter's Gauge for Taper of 158, 169 

Swnents, Theory of ditto. 162 

Luge 7&-95 

— Effect of Insulation on Diameter of 160, 161 

Planes (Mil', NP) 107,108,111,117-121 

Armature Coils, and Field 102 



Commutators ; — 

General l^orm 64,65 

iCrompton ••• 66,67 

Giilcher 72 

** Helvetia" (of Alioth and Co.) 60 

Hopkinson (o^ao Mather and Piatt) 78,95 

Kapp, Old Forms 73,74 

Kapp, New Form 75 

Kennedy 70 

Mordey's" Victoria" 68 

Paterson and Cooper 76 

'"Westminster" (of Latimer Clark, Muirhead and Co. and 

Andersen) 71,77 

Types of Lugs 79-95 

Components, Resolution of Armature Self- Polarisation into .., 130-132 

Compound- Wound Dynamo and Faults in Outer Circuit 128 

Conihictors, Inactive Copper, of Armature 2-6 

: — Formed to Obviate Foucault Currents 9-13 

Connector for End Winding, Jointless ... .... 33-36 

Crompton (R. E.) and Co., Commutators of 66, 67 

: — and Kyle, Armature End Winding of 65-68 

and Swinburne, Armature End Winding of 17-22 

* CrxMS-Induction, or Magnetisation 53, 129-132, 142-145^ 151 

: — Eliminated (Nearly) 152 

r Counteraction of, fischer-Hinnen's Method ... (page 258) 

Currents, Augmentation of 112 

-I Assimilation of 113 

Assimilated, Potentials of 115,116 

Short-Cii-cuit, under Brush, Theory of 114 

Short-Circuit, with Misplaced Brushes 118-121 

Short-Circuit, with Sayers' Winding 146 



Short-CirCuit, Counteraction of, at Non-Sparking Point 111, 146 

Short-Cireuit, Elimination of, with Carbon Brushes 122-124 

Defective Joints in. Heavy Drum Winffing 156 

Joint in Drum or Gramme Wire Winding 167 

Deflection of Planes with Gramme Winding {see Planes) ... 148^150 
Double Volute Jointless End Connector for Drum Winding .•• ...33-35 

Volute End Windings {see End Windings) 

Drum Armature, Self -Excited Polarity of 133 

Winding, Theory of.. r ••• 1 
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FIO. 

Dynamo, Separately Excited and Faults in Outer Circuit 125 

Shunt Wound, and Faults in Outer Circuit 196 

Series Wound, and Faults in Outer Circuit 127 

Compound Wound, and Faults in Outer Circuit 128 

with Double-Ended Magnets ... 147 

with Double-Ended Magnets, Fields of 161, 152 

Elementary Coil of, Illustrating Lenz's Law .. 99, 100 

Compactness of, in Reference to Armature End Winding .. 57 



" Earths," as Causes of Sparking 

Edison's Circular Bar End Winding 

Disc End Winding 

Eickemeyer's Wire Drum Winding 
End Windings for Drum Armatures : — 

Wire Wrapping : Siemens 

Radial and Circular Connectors : Edison .. 

Discs: Edison 

Chord Winding : Swinburne 

Helical Connectors, Interior : 

Connectors, Exterior : 

• Connectors, Exterior : 



125-128 
... 14 
...16-16 
...36-42 



Kapp 
Parsons 
Fritsche 



Volute, Single Interior, and Crank : Crompton and Swinburne 

Single Interior and Crank : Andersen 

Volutes, Double, Interior : Alteneck ; Hopkinson 

Double, Interior : Eickemeyer 

Double, Interior : Jointless Connector 

Double Exterior : Crompton and Kyle 

Faults in Armature Winding as Causes of Sparking 

• in Outer Circuit as Causes of Sparking 



... 6,7 
... 14 
15,16 
.. 47-62 
...43-46 
...5^-62 
... 65 
...17-22 
...25-28 
...29-32 
...26-42 
...33-35 
...55-58 
163-157 
125-128 

Field, Armature Coils, and Commutator 102 

Weak, and Armature Reactions in 129, 144, 145 

Asymmetrical, and Armature Reactions in 148-150 

with Double-Ended Magnets, and Armature Reactions in 151, 152 

Distortion of 105, 1C6, 108, 117, 129, 142-145 

Oscillating or Deflecting, Distortion of 154, 156 

Pennanently Deflected, Distortion of 148-150 

Forward, or Positive, Lead to Brushes : Sparking at ... 117, 119, 121 

or Positive, Lead to Brushes : Planes in relation thereto 

(5CC Planes) 105,107,108 

Induction 132,140,144 

Sparking 117, 118, 120 

Sparking Eliminated with Sayers' Winding 146 

Sparking at one Brush only ... 148-150 

Foucault Currents, Prevention of : — 

Crompton's Method .9-12 

Hopkinson's Method 8 

Swinburne's Method 15 

Fritsche's Armature Winding ... 63 

Gramme Winding Introductory 

Armature, Self- Excited Polarity of 134 

Deflection of Planes with, in Asymmetrical Field ... 148-150 

Heating of Armature Conductor Bars, Methods for Preventing : — 

Crompton's 9-12 

Hopkmson's 8 

Swinburne's 13 

"Helvetia" Commutator of Messrs. Alioth and Co ... 69 
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PIG. 

Hopkio9pn, Drs. J. and £., Armature End Winding of 29-32 

r-r Method for Prevention of Heating 8 

Commutator, of . 78 

: — Commutator, Connection of, to Winding 96 

Induction Coil at "Make" 97 

Coil at "Break" 98 

Self-, Diagram Illu4tratiug 101 

Back. 54,129,130,141,146 

Forward-. ... 132,140,144 

Forward-, Utilised with Sayers' Winding ... 146 

Ctqm- 53,129,130-132,^42-145 

CroM-, Tlrottling of 148,149 

Croaa- and Main, Throttling of 160 

Cross-, with Double-Euded Magnets 161 

r- Cross- Eliminated (nearly) with Double-Ended Magnets ... 162 

- Cross-, Counteraction of, by Fischer-Hinnen's Method (page 268) 

- Oblique-, with Dpuble-Euded Magnets 162 



Insulation, Special Adaptations of, in Commutators 66-77 

Effect of, on Diameter of Commutator 160, 161 

Joints, Defective, in Armature Coils, as Causes of Sparking ... 166, 167 

JointlesA Double Volute End Connector for Drum Winding 33-36 

Kapp, Gisbert, Drum Wiuding of 43-46 

Commutator of : Old Forms 73,74 

. :- Commutator of : New Form 76 

Lead (to Bruphes), Positive, and Armature Planes 106, 108 

Negative, and Annatui-e Planes 106 

Positive, and Commutator Planes 107,108 

Positive Brushes in Line with Field ; and all Planes ... 108 

Positive, CoiTect, with no Sparking 107, 108, 111 

Misplaced Bnishes, and Sjtarking 117-121 

Positive, Excess of, and Back-Sparking ... 117, 119, 121 

Positive, and Forward-Sparking in Weak Field ... 129 

Negative, and Forwaixl -Sparking 117, 118, 120 

■ ■ Negative, and N on -Sparking with Sayers* Winding ... 146 

■ Unequal, Spaikingat One Brush Only 148-150 

<^ Positive, and Back -Induction , 129, 130, 146 

Negative, and Forward-Induction 132,144 

Bfinimised by Tlu-ottling Cross-Induction, with Double- 
Ended Magnets 152 

-^- Minimised or Unnecessaiy, with Carbon Brushes ... 122-124 

Lenz*s Law, and Elementary Dynamo Coil - 99-100 

Lug*s, Commutator, Types of 79-96 

Magnetic Flow (tee o/«o Induction} 136-143 

Flow, Distortion of 142,143 

Magnetisation {see also Induction). 

Self-, of Drum Armatui-e 1,133 

Self-, of Gramme Armature Introductonr, 134 

Self-, ef Armature, Asymmetrical ^ 1^3-165 

Self-, of Armature as Resultant and Components ... - 130-132 

with Induction Coils 96-98,101 

Magnets, Double-Ended, for Dynamo Field 147 

Double-Ended, and Cross-Induction . ^. ,.. 151 

Double-Ended, and Oblique-Ipduction 152 

Main-Induction, Throttling of 150 

Misplacement of Brushes (ace Lead) Sparking Eflfects 117-121 
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Mordey, W. M., " Victoria " Commutator of ... 68 

Negative Lead and Armature Pianos ... 106 

Lead and Forward- Sparking 117, 118, 120 

Lead and Non-Sparking> with Sayers' Winding 146 

■« Lead 'and Forward-Induction • 132, 144 

Neutral, or Non-Sparking Plane (N P), or Points 107, 108, 111, 117-121 

— or Non-Sparking Plane, Undue Inclination of (with R R) 129 

■— or Non-Sparking Plane, Oscillation of (with R R) ... 163-15& 

or Non-Sparking Plane, Permanent Deflection of 

(withRR) .... ... 148-160 

or Non-Sparking Plane with Negative Lead, and Sayers' 

. . Winding 146 

Non-Sparking with Carbon- Brushes 122-124' 

Oblique Induction . 162" 

Ohm's Law, Operation of, Illustrated 112-] 16, 118-124, 146 

Oscillation of Planes, as Cause of Sparking 15^15& 

Paterson and Cooper, Commutator of 76 

Parsons, Hon. C. A., Drum- Winding of 59-62^ 

Plane of Armature Coil Cutting Between Two Commutator Segments 103" 

of Armature Coil Cutting Through One Commutator Segment 104^ 

Plane of Cessation of Force (C F) with Positive Lead... 105, 108, 129 

of Cessation of Force (C F) with Negative Lead 106 

Plane of Commutation (Cn P), with Positive Lead 105, 108, 117, 119, 12t 

— with Positive Lead in Weak Field 129 

-^ with Negative Lead 106,117,118,120 

Double, with Swinburne's Chord Winding 62 

Oscillation of (Slight) 163-1S5 

Plane of Maximum E.M.F. through Armature (M M) 105, 1C6, 108, 129, 150 

: rrr- through Commutator (M' M') 107, 108, 117 

Plane of Non-Sparking, or -Neutral Plane (N P) 107, 108, 111, 117-121 

r^ Oscillation of (with R R) 153-1S6 

Permanent Deflection of (with R R) 148-150 

Undue Inclination of (with R R) 129 

Plane of Requisite Reversal (R R) 106, 106, 108, 111 

T- Oscillation of 153-195 

Permanent Deflection of 148-150 

rr— Undue Inclination of 129 

Planes, .Criticid: — .... 

Armature Planes ... 105,106,108 

Commutator Planes *.• 107, '106 

Oscillation of 153-156 

Permanent Deflection of 148-150 

Undue Inclination of 129 

Polarity, Self -Excited, of Drum Armature 133 

Self -Excited, of Gramme Armature 134 

Potentials of Assimilated Currents 115,116 

Reactions, Armature : — 

Elementary Illustrations 53,54 

Self -Excited Polarity of Drum Armature 133 

Self -Excited Polarity of Qramme Armature 134 

As Resultant and Components 130-132 

In Weak Field, Shown Graphically 1 29 

In Weak Field, Shown Analytically 144,145 

In Asymmetrical Field 148-150 
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Reactions, Armature :— 

With Asymmetrical Winding 153-155 

With Double-Ended Magnets 151,152 

Resultant Induction of Armature 130-132 

Sayen, W. B., Armature Winding of 146 

Seb-E!zcitation, Polarisation, of Armature (tee Magnetisation, 

Armature Reactions, and Induction) 133, 134 

Self-induction, Diagram Illustrating 101 

Short-Circuits in Outer Circuit, as Causes of Sparking ... 125-128 

Siemens' Wire Drum Winding 6,7 

Sparking, Induction, at "Make** 97 

Induction, at ** Break " 98 

* Self-Induction 101 

— at Brush on Commutator, Elementary Illustration of ... 110 

with Brushes Miiplaoed 117-121 

Forward-, at Positiye Brush 117,118 

Back-, at Positive Brush « ... 117,119 

Forward-, at Negative Brush 117,120 

Back-, at Negative Brush 117,121 

due to Faults in Outer Circuit 125-128 

due to Weak Field ... .„ 129 

due to Asymmetrical Fields 148-150 

at One Brush only, due to Throttled Cross-Induction 148-149 

■ at One Brush only, due to Throttled Cross- and Main- 

Inductions 150 

• due to Asymmetry of Armature Self- Polarisation ... 153-155 

' due to Defective Joints in Armature Winding 166, 157 

Non-, Plane {tee Neutral Plane) ... 107, 108, 111, 117-121 

Non-, Position of Brush ... » Ill 

Non-, with Carbon Brushes 122-124 

■ Non-, with Sayers' Winding with Negative Lead 146 

Swinburne, James, Chord Winding of 47-52 

Throttling of Cross- Induction, and Sparking 148-149 

■■■' of Cross and Main-Inductions, and Sparking 150 

^ of Cross-Induction with Double-endeid Magnets 152 

Volute, Double, Jointless Cross- Connector for Drum End Winding 33-35 

*' Westminster " Armature Winding 23-28 

— Commutators 71,77 

Wire Winding, Siemens's 6,7 

■' Eidkemeyer's 36-42 
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rHE Editor of ** Thb E^ctrician " is frequently requested by Correspondents to 
indicate the Books most suitable for them to consult under varying circumstance)^, 
ind the Publishei- of "The Elbctwoian" has compiled the following List of Book$, 
>n Electrical and Allied Subjects, all of which can be obtained direct from " Thb 
SiiBCTRiciAN" Peintino AND JPuBLisHiNO COMPANY, LiMiTBD, 1, 2, and 3, SaUsbury Court, 
Fleet Street, London, E.C. , 

Any of the Works mentioned in this List will be forwarded to any address in the 
Jnited Kingdom, on receipt of the quoted price, unless otherwise specified. Postage 
nust be prepaid on foreign orders, and may be reckoned at 10 per cent, extra. 

Copies of any known Work on the Theory or Practice of Electricity, or relating to 
tny particular application of Electricity, can be ordered through this Company. 
Enquiries respecting the Latest and Best Books on Electrical Subjects will be answered 
!>y jKW^, Free of Charge, and all possible assistance rendered to inquirers. 

Cheques and Postal Orders to be made payable to ''The Electrician Printing 
iind Publishing Company, Limited," and to be crossed *' Coutts and Co." 

The Company will forward, post free, on receipt of the ammoX ^^riptton, any 
of the following 

PJLPX2RB JLM^D PSRIODICJLXiB. 



♦ELECTRICAL WORLD. (Weekly.) Ami. sub., £1 5s. ; single copies, 8d. post free lOd. 
♦ELECTRICAL ENGINEER. (Weekly.) Ami. sub., £1. Is. ; single copies, 8d., post free, 1(W. 
ELECTRICAL REVIEW. (Weekly.) Ann. sub., £1. Is. 
ELECTRIC POWER. (Monthly.) Ann. sub., 12s, 6d. 
ELECTRICAL AGE. (Weekly.) Ann. sub., 168. 9d. 

""ENOINEERINO MAGAZINE. (Monthly.) Ann. sub., 12s. 6d.; single copies Is., post free Is. 3d. 
PRACTICAL ELECTRICITY. (Semi-monthly.) Ann. sub., 9s. 6d. 
WESTERN ELECTRICIAN. (Weekly.) Ann. sub., £1. Is. 
ELECTRICITY. (Weekly.) Ann. sub., 19s. 
SCIENTIFIC AMERICAN. (Weekly.) Ann. sub., 16s. 9d. 
SCIENTIFIC AMERICAN SUPPLEMENT. (Weekly.) Ann. sub., £1. Ss. 
STREET RAILWAY GAZETTE. (Weekly.) Ann. sub., £1 Is. 
STREET RAILWAY JOURNAL. (Monthly.) Ann. sub., £1. 2s. 
STREET RAILWAY REVIEW. (Monthly.) Ann. sub., 10s. 

co»rix?i»rE2i«rix?Ji.]Li. 
BULLETIN DE LA SOCI^TlS INTERNATIONALE DES iLECTRICIENS. (Monthly). £1. 2^. 
•ELEKTROTECHNISCHE ZEITSCHRIFT. (Weekly.) Ann. sub., £1. 5s. ; single copies, 6d. ; 

post free, 8d. 
ELEKTROTECHNISCHER ANZEIGER. (Semi-weekly.) Ann. sub. lOs. ; 

ELEKTROTECHNISCHES ECHO. (Weekly.) Ann. sub., 16e. 
JOURNAL TELEGRAPHIQUE. (Monthly.) Ann. sub., 4s. 
LA LUMIERE |LECTRIQUE. (Weekly.) Ann. sub., £2. 8b. 
L'ELETTRICITA. (Weekly.) Ann. sub., 12s. 
•L'INDUSTRIE ELECTRIQUE. (Semi-monthly.) Ann. sub., £1. Is. 

Single CapieB of these JoumaU tnay be seen, <md those marked * are on sale, at i, £, and 5, Salislmry 
CouHf hut specimens cawnot be supplied. 



Specimen Back Number sent on receipt qf 6d, to defray postage. 

"THE ENGINEERING MAGAZINE:" 

An American Monthly Periodical having an extensive sale in the United States, and containing popularly-written 
critical articles on Electrical, Engineering and Social Subjects of European interest by leading American writers. 

EUROPEAN AGENT: 

CEO. TUCKER, Publisher, "THE ELECTRICIAN" PRINTINC & PUBLISHiNC CO., Limited. 

" The Engineering Magazine " can be obtained of all Booksellers, and at the Railway Bookstalls throughout 

the Kingdom. 

VOliimM oommenco In April and October, bound half calf, IDs. 6d. 

- ' 1 , «. 

1. 2, and 3, Salisbury Court, Fleet Street, London, E.C 
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8 -Tke Keetrieian' Ptinting mnd PvbliMnff Compan^s Litt of Books. 

THE 

ALTERNATE CUREENT TRANSFORMER 

In ^toxji Bttli ipracttce. 
By J. A. FLEMING, M.A., D.Sc., F.RS., M.RL, kc., 

Vvai&mm €i KlMtflcal EnsliiMiliig In Untfwilty Ooltage, London. 
In Two FoU, 

YOL. I.— THE INDUCTION OP ELECTRIC OUBBENTS. 
FOITBTHISSUEL BOOpagei^mUlustraHoHi. PrieelB.U^posifiree. 
S'Z'XTO£*SXS OB" OOXnTrSlXTOTS 

•mrrKR i.- 
M II.— ■ 

9t III* — ^Th« Theory of Sluipl* Poriodl* 
ft IV. — ■■fnl md SoH-tadiwtloa. 
99 ¥• — DyMinlMl Theory off Ourroat 

Qplnloiis of tbo PzoH on VoL L 

** It would be ybtv dUBcnlt to pick out from unongit theoleotrical literatore of the nasi ten yeaxs any woit 
which marki, m empnatically m doM Dr. FlemiDg'i book, the muuier in which the practtcal problemfl of Uie dir 
hare compelled electrical engineer! to mdrance in their knowledge of theoretical sdenoe. «... Itiaabookwfaid: 
the electrical engineer of the preaent and of the fntnre alike will read— he of the preaent, if he can ; he of Um 
fatore, beoanae he moit."— Pvv/. Siivanui P. Thompton in " The Slaetrieian.'* 

**Dr. fleming'i htxk oontaina an enormona amount of Taloable matter .... which cannot be got maywba* 
elaa In the plain and condae way it ta glTan by Dr. nemlng. It la one of thoae hooka erery electrician ihoold 
have."— Jll0e<riea2 Review, 

*' A moat Important, timely, and Taloable book. .... The author hu earned the tlianka of eyvyoge 
Intenated In thto great branch <j electrical faifeatigatlon and practice."— lilMfriMrf World (New YaA\ 

" The practical importance and intereat of the rableot treated la ao great that there ahoold be little need to 
urge Btodenta and elec&ical engineera to make themaeiTea acquainted with tbia book, bat I do urge them nerer- 
theleat ; and they may think It fortunate that Dr. Fleming baa managed to find time to iasne ao InatooctiTo vti 
nadaUe and weQ-Umed a Tolmne."— Dr. OUver J, Lodiein " Nature.** 



YOL. XL— THE UTILISATION OF INDUCED OUBBENTS. 

8E00ND ISSUE. More than 600 pages, and over 300 illuetrations. Price 128. 6dL, post free 

S3r£TO£>SIS OB* 003STTB33SrTS- 
•HArrSR I. — ^Tho HIslorioal Dovolopnoat of tho IndueUon Ooll and TnuiofonMr. 
M iia-^DIoMbirtloa of Elootrloal Knorgy by Tronoformors. 
M llli — ^Attonurto-Ourroiit Elootrio Statlono. 
M IV.— Tho Ooootniotlon and iloUon of Tranoformoro. 
t9 V.-^-Farthor Praotloal Applloatlon of Tranofonnors. 



OpiniODM of tlio Proat on VoL n. 

**In reviewing the flnt volume of thia work nearly two yeara ago we found much to admire andpnise, 
much to raiae high ezpeotationa for the volome which was to follow. Theae expectationa have by no meaas 
been diaamolnted. Hie new volume is in many ways of even greater intereat than its predeceBaor."- iVt{^«iwr 
SUvaniue P. TKompeon in **The Bleetrieian." 

** The book is really a valuable addition to technical literature."— /luZfueKef. 

** A valuable addition to the somewhat meagre literature on a subject which Is sure to grow in importtnce, 
and we congratulate Dr. Fleming on his work."— rA« Engineer, 

** Le suiet traitd par le Dr. Fleming est un de ceuz oni, pour le moment, attirent I'attention gdadrale ; sop 
ouvrage est certainement un des plus Importants de la utt^rature ^lectrique. Tons les probl^mes retotifs a 
Tappucation des oourants altematiis y sont trait^s avec une tr^s grande competence et de plus avec nne eUrte 
et avec une pr^dalon sans dgales. Nous ne pouvons done que recommander vivement cet ouvrage k I'stteation 
do tons les dtectridens."— Xa Lumiire Xleetrique, 

" L'ouvrage de M. Fleming est une ceuvre vraiment pratioue qui doit rendre k I'lndnatrie de grands isrficei 
par I'amaa de renselgnements qu'elle contient "-L'/nduffris Eleetriqtte, 

** Daa Fleming'sche Werk fiillt entschleden eine Lticke In der Literatur ans und kann durchaus empfohleD 
Werdeni"— JRMptroeaeAniMfta ZeiteehrifU 

1, 2, and 8» Salisbury Court, Fleet Street, London, E.C« 
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<«THE EIiEOTRIOIAN" SERIBS— (Cottt»»u«i). 

S70 pases, 169 iUttaratiimt. Priee 10s, 6d,, pott free, 

HAGNETIG DIDUGTION IN IRON & OTMMETALS 

BY J. A. EWING, M.A., B. Sc, &c. 

After tax introdactory chapter, which attempts to explain the fundamental ideas and the terminology, an 
ccoant is given of the methods which are usually employed to measure the )nagnetic quality of metals. 
Ixamples are then quoted, showing the results of such measurements for various specimens of iron, steel, 
ickel, and cobalt A chapter on Magnetic Hysteresis follows, and then the distinctive features of induction by 
ery weak and by venrstrong magnetic forces are separately described, with further description of experimental 
methods, and with additional numerical results. The influence of Temperature and the influence of Stress are 
ext discussed. The conception of the Magnetic Circuit is then enlained, and some account is given of expert- 
lenta which are best elucidated by making use of this essentially modem method of treatment. The book 
oncludes with a chapter on the Molecular Ilieory of Mametic Induction ; and the (^portunity is taken to refer 
i> a number of miscellaneous experimental facts, on which the molecular theory has an evident bearing. 

Opinloiui of the Fresa. 

" Full of novel and important matter, the book is written, with admirable clearness, in a pleasant and easy 
tyle. It abounds with references to original memoirs for the benefit of those who may wish to pursue the 
ubject further ; and in the form of tables and curves it contains a wealth of data which cannot fail to be of 
alue in the application of the science. It is not too much to say that no student of phyalos and no practical 
lectrician can afford to be without a copy."— Iff*. Shelford BidtoeU in *^The BUetrieian. 

** This is one of the most important books that has appeared this year, and coming from an author of such 
atablished reputation it will be looked upon as an undoubted authority upon the Important subject of which It 
reats."— liZeeerioal WoHd (New York). 

•* For some time past the London Shetridan has been publishing a series of excellent articles from the pen 
>f Prof. J. A Ewing, whose work on magnetism is generally recognised as classical. These articles, relented In 
K>ok form, are now before us. ... . ^le book presents the best ritunU of this su^ect extant"— JRedtrieoI 
Engineer (New York). 

** Das Bwing'sche Werk ist eine der werthvollsten Uterarischen Erscheinungen der Neuelt and sollte In der 
Ubllothek keines Elektroteohnikers ieblen.*''-'Elektroteehn\8ehe ZeiUehryft, 

A Oerman Edition is alto puUithed, priee 88, 6d> 



In Two VohmM-^Priu : stout paper, gs., poa/ree ;?«. gd, each; strong doth covers, ts, €d,, post fine 
Ss, dd, each. Single Primers, Sd,, postfiree Sid, 

" THE ELECTRICIAN " PRIMERS. 

(FUUY IUU8TRATED,) 
A SoriM of Helpful Primers on Bleotrieal Siibjeote fbr the uee of Oeilesee, •ehoelev 
&nci other Bdueational and Trainihs inetltutione, and for Youns Men deeireue ef 
Bnterlns the Bleotrloal profeeelona. 

VJl^BlLiEa OS" CONVESMTVas 

Volume I.-THBORT. 



Mo. — — 

1. The Effects of an Electric 

Current. 

2. Conductors and Insulators. 
8. Ohm's Law. 

4. Primary Batteries. 

5. Arrangement of Batteries. 

6. Electrolysis. 

7. Secondary Batteries. 

8. Lines of Force. 

9. Magnets. 

LO. Electrical Units. 
11. The Galvanometer. 
L2. Electrical Measuring Instru- 
ments. 
.3. The Wheatstone Bridge. 
A. The Electrometer. 
15. The Induction Coil. 
.6. Alternating Currents. 
7. The Leyden Jar. 
l8. Influence Machines. 
.9. Lightning Protectors. 
K). Thermopiles. 



The object of " The Electrician " 
Primers is to briefly describe in sim- 
ple and correct language the present 
state of electrical knowledge. Each 
Primer is short and complete in itself, 
and is devoted to the elucidation of 
some special point or the description 
of some special application. Theo- 
retical discussion is as far as possible 
avoided, the principal facts being 
stated and made clear by reference 
to the uses to which they have been 
put. Both volumes are suited to 
readers having little previous ac- 
quaintance with the subject. The 
matter is brought up to date, and 
the illustrations refer to instruments 
and machinery in actual use at the 
present time. It is hoped that the 
Primers will be found of use in 
Schools, Colleges, and other Educa- 
tional and Training Establishments, 
where the want of a somewhat 
popularly written work on electricity 
and its industrial applications, pub- 
lished at a popular price, has long 
been felt ; while artisans will find the 
Primers of great service in enabling 
them to obtain clear notions of the 
essential principles underlying the 
apparatus of which they may be 
called upon to take charge. 



^Volume II.-PRAOTIOB. 

Primer 

No. _— _ 

21. The Electric Telegraph. 

22. Automatic and Duplex Tele- 

graphy. 

23. The Laying and Repair of Sub- 
marine Cables. 

24. Testing Submarine Cables. 
26. The Telephone. 

26. Dynamos. 

27. Motors. 

28. Transformers. 

29. The Arc Lamp. 

80. The Incandescent Lamp. 
31. Underground Mains. 
82. Electric Meters. 
38. Electric Light Safety Devices. 
84. Systems of Electric Distribu- 
tion. 

86. Electric Transmission of 
Energy. 

36. Electric Traction. 

87. Electro-Deposition. 
38. Electric Welding. 
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V.THE ELEOTRICIAH" 

Nowready,, PuUy lUiutraUd, 



BEBIEB—iConHnued). 
Price 7a. 6d., pott free. 



THE INCANDESCENT LAMP AND ITS MANUFAGTURL 

By GILBERT S. RAM. 

The nuurafaeture of the locandeicent Electric Lamp uid the principle! underlying it being but little knows, 
eieept to those actoally ennged in the work, mnd no tiaiilar work being existent in any language. It has been 
thought probable that a book on the sabject woald be welcomed at the present time by thoee who are Interested 
therein and have not had the opportanity of stadying it for themselves. The Anthor has, therefore, attempted 
to impart the information he has aoqoired in the coarse of a considerable experience in Ump-making, and to do 
so with as little maihematieal embellishment as possible. 

^QO pages, '\J56Itt^t9traiMn». Price ^^^ post free, 

PRACTICAL NOTES for ELECTRICAL STDDENTS. 

LAWS, TmiTB, AND 8IMPI.E MEASTTBINO INBTRUMENTS 
By A. E. KENNELLY AKD H. D. WILKINSON, M.LE.E. 

Fully Ittu$lrattd. Priu lOt, U^ poitjrie. 
TH£ 

ART of ELECTROLYTIC SEPARATION of METALS 

(THBOBBnOAL AND PlULCnGAL.) 

By Dr. GEOEGE GORE, LL.D., RRS. 

Second SdiHon^ price 2s, post free. 



By Db. GEOBQE QOBE, LL.D., F.B.8- 



NOW 'BJUJUY'— Nearly SOOpagee, gpedeUly bound bookwite to lie open, 78. Bd,, post free 78. 9<L. (abroad,^ 
pott free); large paper edition, with wide margint, 88. 6d., pottfiree 88. 9d. {abroad, 98. 6d., poet free). 



A. pook:e:i7 - soo£l of 

ELECTRICAL ENGINEERING FORIUL^, k 

Bt W. GEIPEL and H. KILGOUR. 

With the extension of the heavier branches of Electrical Ensineering the need of a pnblication of the Pocket 
Book type dealing therewith increases ; for while, on one hand, there are many snch referring to Mechaoical 
Engineering, and, on the other hand, several which deal with Electrical Bales and Formulas as mora partieolu'lr 
applied to the lighter branches of Electrical Engineering, yet none of these alone snfllce for the purposes of wha' 
mt^ now be said to be the more numerous body of Eleo^cal Engineering, viz. : those engaged in the applicadoD 
of Electricity to lighting, transmission of power, metallurgy and chemical manufacturing. It is to supply tbis 
want that this book has been prepared. The following important subjects (amongst others) are dealt witb :— 



Units. 

Electrical, Mechanical 

and Thermal Properties 

of Materials. 
Light and Sound. 
Gravity. 
Beams. 

Moments of Inertite. 
Approximate Formulte. 
The Slide Bule. 
. Mathematical Tables. 
Miscellaneous Tables. 



Ventilation and Heating. 

Buildings A Foundations. 

Water Power. 

Fuel and Combustion. 

Chimneys and Flues. 

Boileis. 

Feed- Water Heaters and 

Bconomisers. 
Boiler and Steam-Pipe 

Covering. 
Boiler Testing. 
Steam. Gas, and other 

Engines. 



Condensers and Pump& 
Injectors. 
Steam Pipes. 

Mechanical Transmitters. 
Dynamos and Motors. 
Begulators. 
Tftmsformers. 
Systems of Distribution. 
Conductors. 
Lightning Protectors. 
Arc Lamps. 
Incandescence Lamp& 



Primary Batteries. 

Secondary Batteries. 

Electro-Chemistzy. 

Electro-Metalluigy. 

Electric Welding. 

Electric Traction. 

Mining. 

T estin g and Measaringli* 

stmments. 
Fire Office Boles. 
Patent Office Infonnstioa 
Wiring Tables. 



A Prospectus, with Specimen Pages, isc,, sent post fru on application, 
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" The Electrician " Printing and Pvhliahing Company^s List oj Boohs. ^ 

«THB BLEOTRIOIAN" SERIES— (Coneinif^^ii).' 

Now ready, PHcc 12s. 6d.,i)o«*/rctf, 

ELECTROMAGNETIC THEORY. 

vol. L 

By OLIVEB HEAVISIDE. 

Thii work, thon^ without the formality of m treatise, gives m connected account of the theory of electro- 
xiasnetiam from the Faraday Maxweil point of view, and various developments of the theory. After a short 
xit^roduction, which is easy to read, the second chapter gives an outline of the electromagnetic connections 
kocordingto the Author's method of exhibiting the relations in a duplex form, symmetrical with respect to the 
^lecfcrlc and magnetic sides, a method which is suited for displaying the essential properties and bringing out 
:liie true analogies, whilst it is free from the obscurities attending the use of essentially arbitrary potential 
runctlons. It is also done in the Author's system of rational units, according to which the strength of a pole 
L3 xneai'Ured by the ** number of lines of force" emanating from it, which system clears away the confusion 
prevailing in the ordinary system. Ihe circuital laws, the stresses and flux of energy are also considered. 
n&e equations are usually given in the Author's simple vector algebra, in the same form as in his previous 
'* Klectrical Papers." Bow to work vector analysis is explained in the thhrd .chapter, which it is hoped 
w^ill supply a want at the present time, as there are no treatises suitable for physical mathematics. The 
elementary foundations are simply explained, and various applications given, mostly electromagnetic. Ihis 
■kl^ebra must not be confounded with Quaternions. The fourth chapter, devoted to the theory -of eleetfo- 
xnagnetic waves, especially plane, is principally descriptive, and of a general nature, describing the propagation 
€>± waves in dielectrics and the influence of conductors upon them, as well as the' propagation of waves in con* 
ducting media. The application to telegraphy and telephony is also considered, and a theory of Auxiliary devices. 
Tlie volume concludes with an Appendix on a gravitational and electronaagpetic analogy. ^ 

Now Beady, PvUy Illustrated. Price 7s. 6d*, post free. 

3DBUM ABMATUKES AND COMMUTATORS 

By F. marten WEYMOUTH. 

A complete treatise of the theory, and the diiferent methods of construction of Drum Winding, and also 
of dose-coUed continuous-current Commutators, together with a full r^sumd of some of the principu points of 
consideration that are involved in their design. 

Price Ss. 6d, post free. 

THE STEAM-ENGINE MGHTOR AMD INDICATOR DIAGRAMS. 

Edited by W. W. BEAUMONT, M.I.C.E., M.LM.E., &c. 

A Practical Treatise on the Steam Bngine Indicator and Indicator Diagrams, with Notes on Steam Engine Per- 
formances, Bxpansion of Steam, Behaviour of Steam in Steam Engine Cylinders, and on Oas Ibigine Diai^ams. . 

^11% iOAtsbrated. Price 1/6, post free. 

THE MANUFACTURE "ELECTRIC LIGHT CARBONS. 

A Ftactical Ghiide to the Establislunent of a Oarbon MannfjAOtorr. f : ^. 

ContaiiiB the results of several years' experiments and experience in oarbon oandle-maKing, and 
gives full particulars, with many illustrations, of the whole process. > 

InPrepcmUum^JuUyiUusirated. 

SUBMARINE GABLE-LAYING & REPAIRING. 

By H. D. WILKINSON, M.LE.E.J &c., <fec. 

This work will describe the procedure on board ship when removing a fault or break in a submerged cabi« 
and the mechanical gear used in diiferent vessels for this purpose ; and considers the best and most recent 
practice as regards the electrical tests in use for the detection and localisation of faults, and the various 
diflicnities that oc^'ur to the beginner. __; ' 

In preparation. 

jBILiBCTMC lyiOTIYB POIWBR. 

-By ALBION T. SNELL, Assoc.M.lNST.C.E,M.I.E.E. 

The rapid sfyread of electrical work in colUeries, mines, and elsewhere has caused a demand for a P»ctlcal 
book on the subject of transmission of power. Though much has been.written, there is no sUigJe wprk deyli^g^ 
with the question in a sufficiently comprehensive and yet practical manner to be of real use to the mechanical 
or mining engineer ; either the treatment is adapted for specialists, or it is fragmentary, and power work is 
regarded as subservient to the question of lighting. The Author hais felt the want of such a book in dealing with 
his clients and others, and in •♦ Blioteio Motivib Powwi" is endeavouring to supply it. • ; 

1, 2, and 3, Salisbury Court, Fle^t Street. London. E.G. 

Digitized by VjOOQIC 



It 



6 **The Xlectrieian*' PritUing and Piiblishing Ccmpany'i Litt of Boohs. 
''THB ELBOTRIOIAN** BBBIEB^CwUinuedJ. 

Prie$ g$. €d.,poafl'ee {U.K.) 

DIGEST OF THE UW OF ELECTRIC UGHTING. 

By a. C. CURTIS HAYWARD, RA., A.I.E.K 

^^ . An abftnot of the Kleetrio Limiting AeU, 1888 and 1880, and of th« tuIoiu doeumenti emanating from 
«ha Boavd ol Trade daaliBg wtth^aotrio Ughting. The digett tteati flni of the aMnner la whiah penoM 
Mmaot Mpplflng eleotrlottj maat let to wotk, and than of their righto and obUgatlona after ohtainlDK 
Pj^iamentanrpowen; andgiTea Ina anoeiiiet form Information of great ralne to Looal Anthorittea, Electric 
Light Oontracton, Ac ^____ 

In Preparation, 

BKOmrjB POIHTXSR JLSiJ> GX2AIUENG 

FOR ELECTBICAL EKQD^EERS. 

mS^E .AJRT JaEI^JaOI>XJOTI01^S. 

NOW BBADT.^Priu £1. Is., in Sepia or EUuik; in Special Frame, £2. 2fl, 
A HandaoiiM PUte Reproduction of Bobkbt Dudley's famous Painting of 

THE '<GREAT EASTERN." 

(By peimlaiion of the Bieeaton of the late CUr JAXIB Ajtsibsoh.) 

The llrrt of a lerlea of Tine Art Plates which It Is proposed to Imoe from time to thne. and execnted in the 
bast stjle. and by the latest and best proeess of faithtal reprodnction. The Plate has a high historic ▼sine 
porliayt the great shto at the oritieal moment when. In endeaTOorlng to pioic np the 180» AUantiD OsUe, "* 
plektog-np taeUe having given ont," her Captain irfTss orders tor her rstnm to England. 

At the foot of the plotnre la a lithographed extract from the letter of Gsptain (af terwaida 8ir Jsaei] 
Anderson to the owners of the ship, and a/oc timUe slgnatore. 

The sabjeot measorss 84in. by ITin., and is India mounted on line etching boards, the mount nieasiiilii( 
tTln. by 81ln. The entire plato meaaorsa tein. by STln, 

Priee 10s. 6d., in Special Frame, £1. Is. 
A Handaome Reproduetion of Hkbkombb'b Famous Floating of 

SIR JOHN PENDER, G.C.M.G.,M.P. 

Vennted India on fine etching boards. The snbjeot measures ISln. by llin., the mount l^ln. by H^in., 
wd the whoU plate »iln. by Slftln. 

OTHBR RBPRODUOTIONS WILL FOLLOW SHORTLY. 

IPoolKtt^ mtsBttt pvtott 9au ea*^ pom« Tupmm Sm* Sd* 

MAY'S POPULAR INSTRUCTOR 

FOR THE MANAGEMENT OF ELECTRIC LIGHTING PLANT. 

An indispenaable handbook for persona in charge of Electric Lighting plants, more particulariy 
those who have had little or no technical training. 

For office u$e, printed on cardhoaird, wUh metal edges and nupender, priee t». each, poet free is, td. 
For the pocket, mounded on linen, in strong eaee, 2s. 6d. each, post free Ss. 8d. 

HAY'S TABLE OF ELECTRIC CONDUCTORS. 

Showing the reUtions between-<l) The sectional area, diameter of conductors, loss of potential, streocUi 
of eurrent, and length of conductors ; (8) The economies of incandescent lamps, their candle-power, potenttil. 
and strength of onrrent ; (8) The sectional area, diameter of conductors, and strength of current per square inch. 

MAT'S BELTING TABLE. 

Showing the relations between— <1) The number of rcTolntlons and diameter of pulleya and rtHodijd 
b^ta ; (8) The horse-power, veloetty, and square section of belts ; (8) The thldkneai and width of belts ; (4) Tbe 
i section of belts at dUferent strains per square inch. 



NINTH Edition. JRevised and enlarged. Pocket size, leather, 8s. 6d., post free. 

A POCKET-BOOK OF ELECTRICAL RULES k TABLES, 

For tbe use of Electricians and En^eers. 

tiy ioaUr itUlffttO, Cfe, and ANDREW JAMIESON, C;Ei, P.RS.E. 
1, 2. and 8. Salisbury Court, Fleet 8tre«t, LoHdCA. Jb..O. 
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Price 6s. 9d,, post free. 

COMPREHENSIVE INTERNATIONAL WIRE TABLE. 

By W. S. BOULT. 

Full particulars of 469 Conductors (4 gauges), Single Wires and Cables, In English, American, A Continemtal Vidis, 

FOR THE POCKET, Price 2s. Bd.; post free, 2s. 7d. 

(TROTTER'8 PATENT), 

By which can be found at once :— 1. Size of Cable ; 2. Length of Cable ; 8. Current Cable will carry ; 4. Current 
Density > 6- Maximum Current; 6. Besistance In Ohms ; 7. Sectional Area in Square Inches. 
PULL PRINTED INSTRUCTIONS ARE SUPPLIED WITH EACH RULE. 

WOODHOUSE & RAWlON WIRING TABLES. 

PBlOB^Paper, 1/-, post ftree ; Mounted and crazed l/6» post f^ee ; In neat (doth case for pocket, 9/6f post free, 
mounted and glazed and bound in doth for pocket, 9/69 post free. 
Printed Directions how to use the Tables are issued with each Copy. 

NEW AND QREATLY ENLARGED EDITION. 

660 pages, and nearly 600 lustrations. Price TWENTY-ONE SHILLINGS, post free. 

HOUSTON'S DICTIONARY 

OF 

ELECTRICAL WORDS, TERMS, AND PHRASES. 

660 pages, S50 illusirations. Price lU. 6d,, post free, 

STANDARD ELECTRICAL DICTIONARY. 

. By Prof. T. O'CONOB SLOAUK 

640 pages, S07 iUiufrationB. Price, elo&, gilt, 10s, 6d., post fie*. 

FOR ELECTRIC LIGHT ARTIZANS AND STUDENTS. 
By W. SLINQO and A. BBOOKEB. 

IWy illuslrated. Price lls^ postfite. 

THE ELECTRIC RAILWAY IN THEORY & PRACTICE. 

By OSCAR T. CROSBY and LOUIS BELL, Ph.P. 

WORKS BY JOHN W. URQUHART. 

ELECTRIC LIGHT: ITS PRODUCTION AND USE.-Fifth Edition, oarefuUy 

reyiaed, with large additions. Price 7s. 6d. 

ELECTRIC LIGHT FITTING.— A handbook for Electrical Engineers. Fully 

Illiutrated. Price 5s. 
DTNAMO CONSTRUCTION.— A practical handbook for Engineer Construotora 

and Electricians in Charge. With numerous Diagrams and Woodcuts. Price 7s. 6d* 
ELECTRIC SHIP LIGHTING.— For the use of Ship Owners and Builders, 

Engineers, &c. Price 7s. 6d. 
ELECTRO-PLATING. — A practical handbook on the Deposition of Copper, Silver 

Nickel, Gk>ld, Aluminium, Brass, Platinum, ^, &c. Second Edition. Price 5s» 
ELECTRO'^MOTORS. — The Means and Apparatus employed in the Transmission of 

Electrical Energy and its Conversion into Motive Powdr. Price 7s. 6d. _ 

^fc— a— ii^— ^— I -T-"r —■'—■»—■ - — *— - • I I ■ 
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JuMt pubhUked. Fourth ediiionf revised and enlarged, 
t ' Cloik^86ji ]Mgs8, £^ folding pUUes, 498 illustratums in text, 24b., post free, 

DYNAMO-ELECTRIC MACHINERY: 

A TEXT-BOOK FOB STUDENTS OF ELEOTBO-TEOHNOLOOY. 

By SILYANUS P. THOMPSON, B.A., D.Sc., M.I.E.E., F.K.S. 

Large crown 8vo, clothf for ojffice use ; or on thin paper and hound in leather, for the pocket. 

Sb.U., post free, 

GRIFFIN'S ELECTRICAL ENGINEERS' PRICE -BOOK. 

Edited by H. J. DOWSING. 

Seventh edition, Chready efdarged, — In preparation, 

ELECTRIC LIGHT INSTALLATIONS 

AMD THE MANAGEMENT OF ACCUMULATORS. A Practical Handbook. 
Bt sir DAVID SALOMONS, Babt. 

7n preparation. Price 6s. 

THE MANAGEMENT OF ACCI7MXILATOBS. 

(The first part of the larger work mentioned above.) 
Oreatlg enlarged edition. Quarto, 300 pages, 275 illustrations, 128. 6d., post free 138. 6d. 

THE ELECTRIC MOTOR AND ITS APPLICATIONS. 

By T. C. MAETIN and J. WETZLER. 

Just puUished, 67 illustrations. Price 6s., post free, 

PRinKARY siLrrTx:Rxx:s. 

By H. S. CARHART, A.M. 
gSO pages, nmnerous illuetroHona. Price Ss., po*t free. 

THE MiECTRICAL ENGINEER'S POCKET-BOOK 

OF MODERN RULES, FORMUUE, TABLES, AND DATA. 

By H. R. KEMPE, M.LE.E. 

Fourth Edition, 650 pages, 159 illustrations. Price \^, post free. Reprinting. 

A HANDBOOK OF ELECTRICAL TESTING. 

By H. R. KEMPE, M.I.E.E. 

USEFUL HANDBOOKS BY F, B, BADT. 

PRICE (POST FREE) 4s, 6d, EACH, 

!Inpa»ndesoent IHTlpin^ BCandbook. With TABLES. 
Tbe Dynamo- rrendep's BCcuoLdlboolc. 
rrbe Bell-Hantfep'fli BCandbook. 
deotpio rrpansmission BCandbook. . 
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ELECTRICITY AND MAGNETISM 

(ELEMENTARY AND ADVANCED). 
MODERN VIEWS OF ELECTRICITY. By Oliver J. Lodge, F.R.S., Professor of 

PhysicB in Univenlty Ck>llege, LtverpooL Illustrated. Crown 8vo, 6fl. 6d. 

THE ELECTRO MAGNET AND ELECTROMAGNETIC MECHANISM. By 

Silvanna P. Thompson, D.3c., F.B.8. 460 pages, 213 illustrations. ISs. 

RECENT RESEARCHES IN ELECTRICITY AND MAGNETISM. By Prof. 

J. J. Thomson, M.A F.K.S. 18s. 6d. 

ELECTRICAL PAPERS. For Advanced Students in Electricity. By Oliver 

Heaviside. 8 vols. 81s. 6d. 

ELECTRIC WAVES : Being Repearches on the Propagation of Electric Action 

with Finite Velocity through Space. By Dr. Heinrich Hertz. Translated by D. E. Jones. Nearly ready. 

ELEMENTARY LESSONS IN ELECTRICITY AND MAGNETISM. By Sil- 

yanus P. Thompson, Principal and Professor of Physics in the Technical College, Finsbury. With illus- 
trations. New Edition, revised. Eighth Edition. Fcap. 8to, 4s. 6d. 

PRACTICAL ELECTRICITY. For First Year Students of Electrical Engineering. 

By W. E. Ayrton, F.S.S., Professor of Electrical Engineering in the City and Guilds of London Central 
Institution. Fourth Edition. Olustrated throughout, Ts. 6d. 

ELECTRICITY IN THE SERVICE OF MAN. A Popular and Practical Treatise 

• on the Applications of Electricity in Modem Life. Translated and Edited, with Copious Additions, from 
the German of Dr. Alfred Bitter von Urbanitzky. By B. Wormell, D.Sc., M.A. With an Introduction 
by Prof. John Perry, F.B.S. Medium 8vo., with nearly 860 illustrations, price 9s. 

ELECTRICITY IN MINING. By Silvanus P. Thompson, D.Sc, F.R.S. 2s. 
ARITHMETIC OF ELECTRICITY. By Dr. T. O'Conor Sloane. 4s. 6d. 
THE ARITHMETIC OF ELECTRICAL MEASUREMENTS. By W. R. P. 

Hobbs, Head Master of the Torpedo School, H.M.S. Vernon. New Edition. Price Is. 

A COURSE OF LECTURES ON ELECTRICITY, DELIVERED BEFORE THE 

SOCIETY OF ABTS. By George Forbes, M.A., F.B.S. (L. <& E.) With 17 iUustrations, crown 8vo, 58. 

SHORT LECTURES TO ELECTRICAL ARTIZANS. By Dr. J. A Fleming, 

M.A., F.K.S., <&c. Third Edition. 4s. 

ELECTRICITY IN MODERN LIFE. By G. W. de Tunzelmann. With 88 iUus- 

trations, cloth, 8s. 6d. 

DOMESTIC ELECTRICITY FOR AMATEURS. Translated from the French of 

B. Hospitalier, editor of L'EUcfriden with additions By C J. Wharton, Assoc. Soc. Tel. Enfi^eers. 
Numerous iUustrations, demy 8vo, cloth, 6s. 

EXERCISES IN ELECTRICAL AND MAGNETIC MEASUREMENT, WITH 

ANSWEK8. Bjr B. K. Day, U.A. ISmo, S>. ed. 

ELECTRICITY: ITS THEORY, SOURCES AND APPLICATIONS. By 

John T. Spragae. Third Edition. Bevlsed and enlarged. ISs. 

A TREATISE ON ELECTRICITY AND MAGNETISM. By J. Clerk Max- 

well, U.A., F.B.S. Third Edition. 2 toU., demr 8to, cloth, £1. 12i. 

AN ELEMENTARY TREATISE ON ELECTRICITY. By J. Clerk MaiweU, 

U.A.,]r.R.8. Edited br William Oamett, U.A. Demy 8to, doth, 7s. ed. 

ALTERNATING CURRENTS OF ELECTRICITY. By T. H. Blakesley. 

Third Edition. Bs. 

ALTERNATING CURRENTS OF ELECTRICITY. By Gisbert Kapp. 
POLYPHASED ALTERNATING CURRENTS. By E. Hospitalier. 38. 6d. 
ELECTRICAL MEASUREMENT AND THE GALVANOMETER, ITS CON- 

8TEUCTI0N AND USE8. By T. D. Lockwood. Crown 8to, cloth, 6s. 

EI.iECTRICITY AND MAGNETISM. By Prof. Balfour Stewart, F.R.S.. and 

W. W. Haldane Oee, Demonstrator and Assistant Lecturer in Owens College, Manchester. Crown 8to, 
78. 6d. ; School Coarse, Is. 6d. 

THEORY AND PRACTICE OF ABSOLUTE MEASUREMENTS IN ELEC- 

TBICITY AND MAGNETISM. By Andrew Gray, M. A., F.R.S.E., Professor of Physics in the University 
College of North Wales. In 2 vols., crown 8vo. Vol. I., 12s. 6d. Vol. II., in 2 parts, 25s. 

AN INTRODUCTION TO THE THEORY OF ELECTRICITY. By Linnaus 

Cumming, M.A. New Edition, with illustrations, crown 8vo, 8s. 6d. 
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ELECTRICAL INFLUENCE MACHINES : containing a foil account of their 

Hiitorlcal Derelopment, thtir Hodsrn Fonnt, and tbeir Practical ConstmctloD. By John GNmj, K8c 
SSfflnatratioDi. ia.0d. 

MAGNETISM AND ELECTRICITY, AN ELEMENTARY MANUAL OF. 

With Szaminatfon Qneftioni and 246 fllnatratioiii. By Prof. JamiewnL Second Edition. Crown 8to, U, 6d. 

KIRCHOFFS LAWS AND THEIR APPLICATION. By E. 0. Rimington. 

doib, la. 6d. 

MAGNETISM AND ELECTRICITY. By A. W. Peyser, M.A. Cloth, 4s. 6d. 
PRACTICAL ELECTRICS : A Universal Handy Book on Every-Day Electric 

Matteif. Third EdiUon Sl 6d. 

THE A B C OF ELECTRICITY. By W. A. Meadowcrof t. Illustrated doth, 26. 
PRACTICAL ELECTRICAL MEASUREMENT. By James Swinburne. 

Cloth, 41. 6d. 

EXERCISES IN ELECTRICAL AND MAGNETIC MEASUREMENTS, with 

Aniwera. ^ B. B. Day. Si. 6d. 

FIRST BOOK OF ELECTRICITY AND MAGNETISM. By W. Perren Maj- 

oock. 80 iUnttntioni. S8.6d. 

MANUAL OF ELECTRICAL SCIENCE. By George J. Burch, B A. 38. 
EVERYBODY'S HANDBOOK OP ELECTRICITY. By Edward Trevert. Is. 
MAGNETISM AND ELECTRICITY. For the use of students in schools and 

■denee oHmwi By H. C. Tarn. F.8.S0. With nnmaroiu diagrami. Cloth, Si. 

ELEMENTS OF STATIC ELECTRICITY. By P. Atkinson, Ph.D. Ta, 6d. 

A TREATISE ON MAGNETISM. By Sir G. B. Airy, K.C.B. 98. 6d. 

A TREATISE ON ELECTRICITY AND MAGNETISM. By G. W. de Tunzel 

mum, B.80., K.LB.B. In yrtporaeian. 

MAGNETISM AND ELECTRICITY. By R. Wallace Stewart. 160 lUoatrations. 
MAGNETISM AND ELECTRICITY. By Edward Aveling, D.Sc With 

nnmovooa woodonti. 6a. 

ELECTRICITY TREATED EXPERIMENTALLY, for the use of schools and 

itadenU. By Llnn»aa Camming, M.A. 4i. 6d. 

ELECTRICITY AND MAGNETISM. By S. Bottone. 

POTENTIAL : Its Application to the Explanation of Electrical Phenomena Popu 

larly Treated. ByDr. Tumlin. Tnuulated by D. Bobertaon, M.A. Si. (kL 

BookE. ARITHMETICAL PHYSICS. Part II.A— MAGNETISM AND ELEC- 

TBICITY, ELEMENTAEY AND ADVANCED. With Sapplement on linei of force. By a J. Wood- 
ward, B So. 28. 

Book F. ARITHMETICAL PHYSICS. Part II.b— MAGNETISM AND ELEO 

TKICrrV, DEOSKE AND HONOUBS STAGES. By C. J. Woodward, B.8e. Kew Edition. SbOd. 

A PRACTICAL TREATISE ON THE MEDICAL AND SURGICAL USES 

or BLECrSICrnr. Br Dn. Beard and BoekwelL SOO iUoitratiODi Koyal 8to. Kb. 

PRACTICAL APPLICATION OF ELECTRICITY IN MEDICINE AUD 

8US8ERT. Br Dn. Ueblg and SoU. Boral 8to, MO pages, profmelr illnitratod. Si. M. 

ELECTRICITY IN THE DISEASES OF WOMEN. By G. Betton Massey, M.D. 

Second Edition. Umo, Ha. 6d. 

A TEXT-BOOK OF ELECTRICITY IN MEDICINE AND SURGERY. Bj 

George Vivian Poore, M.D. Crown 8to, 88. 6d. 

A MANUAL OF PRACTICAL ELECTROTHERAPEUTICS. By Arthur 

Harries, M.D., and H. Newman Lawrence, M.I.E.E. With illmta-ationB, l8. 6d. 

A HANDBOOK FOR OPERATORS IN MEDICAL ELECTRICITY AND 

Massage. By H. Newman Lawrence, M.I.E.E. Is. 

A MANUAL OP ELECTRO-THERAPEUTICS. By W. Erb, M.D., translated 

by A. de Watteville, M.D., dkc. Demy 8vo, 18s. 

ELECTRICITY AND ITS MANNER OF WORKING IN THE TREATMENT 

OS* DISEASE. A Thesis for the M.D. Cantab Degree, 1884. By the late William B. Steavenson, K.Dm 
M.B.C.P.. Casualty Physician and Electrician to St Bartholomew's HospitaL To which is aimended w 
Inangnral Medical Dlssertotion on Electricity for the M.D., Edin. Degree, written in Lattn teTBolNrt 
Steavenson, M.D., in ITTS, With a Translation hf the Eer. F. E. SteaTensonj M.A. Sto, 4s. 6d; 
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TRAinfc ]feL]6MENTAIRE D'J&LECTEICITlfc. By J. Jottbert. WiUi 321 
niiutnitioiis. ei. 

SUR LA PROPAGATION DUCOUEANTlfcLECTRIQUE. ByA-Bandsept. Is. 

ifcLECTEICITE INDUSTRIELLE. By D. Monnier. With 338 mustratione. 16s. 

LEgONS SUR L'ELECTRICITl;. By Eric Gerard. 2 vols., fuUy iUusfcrated. 16a. 

FORMCJLAIRE DE L'EEECTRICITlfe. By E. Hospitaller. lOth year: 1892. 

4s. 6<L 

TRAITS PRATIQUE DE L'ELEOTRICITfe. By Felix Lucas. 13s. 6d. 



ELECTKIC LIGHTING AND TRANSMISSION OF POWER. 

PRINCIPLES OP DYNAMO-ELECTRIC MACHINES. By Carl Hering. 

Practical Directions for I>esigDiiig and Ck>nstmcting Dynamos. With an Appendix containing sevem 
Articles on Allied Subjects, and a Table of Squiyalents of Units of Measqrement doth, 279 psges, 
fi9 illnstrations, lOi. 6d. 

DYNAMO-ELECTRICITY : Its Generation, Application, Transmission, Storage 

and Measurement By G. B. Frescott. 646 illustrations. iSlls. 

THEORETICAL ELEMENTS OF ELECTRO - DYNAMIC MACHINERY 

VoLI. By A. Eennelly, F.B.A.S. is. 6d. 

RULES AND REGULATIONS RECOMMENDED FOR THE PREVENTION 

OF FIBE BISKS FROM ELEGTBIG LIGHTING, issued by the Society of Telegraph-Bngineers. S^o. 
sewed, 6d. 

THE PHCENIX FIRE OFFICE RULES FOR ELECTRIC LIGHT INSTAL- 
LATIONS AND ELECTBIGAL FOWEB INSTALLATIONS. By Mnsgrave Heaphy, C.B. Eighteenth 
Eaition, 8to, sewed, 6d. 

THE DISTEIBUTION OF ELECTRICITY. By Prof. Georeo Forbes, M.A., 

F.B.S.E. Is. 

SECONDARY BATTERIES AND THE ELECTRICAL STORAGE OF ENERGY 

By Dr. OUver todga. U. 

THE CHEMISTRY OF THE SECONDARY BATTERIES OF PLANT:6 AND 

FAOBB. fiy J. fl. Oladstone and A. Triba. 2s. ed. 

ELEMENTARY PRINCIPLES OF ELECTRIC LIGHTING. By Alan A. Camp- 

ben Swinton. Enlarged and reyised. Crown 8vo, doth, Is. 0d. 

THE STORAGE OF ELECTRICAL ENERGY, AND RESEARCHES IN THE 

EFi'EGTS CBEATED BY CUBBENTS COMBINING QUANTITY WITH HIGH TENSION. By G 
Plants Translated from the French by Paul Bedford ElwelL With 89 illustrations, Svo, cloth, 18s. 

THE GALVANOMETER AND ITS USES. A Manual for Electricians and 

students. By C. H. Haskins. Second edition, niustrated. 18mo., 8s. 6d. 

ELECTRIC LIGHT CABLES AND THE DISTRIBUTION OF ELECTRICITY. 

B7 Stuart A. Snnell, Auoc.M.Inat.C.B. 107 iUnstratioiu. 7i. 6d. 

DYNAMO MACHINERY (ORIGINAL PAPERS ON). ByDr.JohnHopkinson. 58. 
CONTINUOUS-CURRENT DYNAMOS AND MOTORS. By Frank P. Cox. 98. 
HOW TO MAKE A DYNAMO. By Alfred Crofte. Third Edition. 28. 
THE DYNAMO : HOW MADE AND HOW USED. By S. R. Bottone. With 

SSinoitntlODi raghth Edition. 28. 6d. 

THE DYNAMO. By C. C. Hawkins, A.M.In8t.C.E„ and F. Wallis. In preparation. 
HOW TO MANAGE A DYNAMO. By S. R. Bottone. Is. 
PRACTICAL MANAGEMENT OF DYNAMOS. By F. B. Crocker. 4s. 6d. 
PRACTICAL TREATISE ON ELECTRIC LIGHTING. By J. E. H. Gordon. 

ninitnted. 8vo, 18(. , 

ARC AND GLOW LAMPS : A PRACTICAL HANDBOOK ON ELECTRIC 

LIGHTING. By Julius Maier, Ph.D., <&c. A new ediiiMn in prepa/ration, 

ELECTRIC LIGHT ARITHMETIC. By R. E. Day. 2s. 

PRACTICAL ELECTRIC LIGHTING. By A. Bromley Holmes. Fourth Edition, 

cloth, 8s. 6d. 

THE ELECTRIC LIGHT POPULARLY EXPLAINED. By A. Bromley 

Holmes. Fifth Edition, Is. 

ELECTRO-MAGNETISM AND THE CONSTRUCTION OF CONTINUOUS- 

bUBB^NT DYNAMOS. VoL I: By Ppot Dugald C. ifacksoni 98. 6d:^ __ 
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PRIMERS OF ELECTRICITY. By Prof. Houston. Paper boards. Price Is. 6d., 

pott free. 

ELECTRIC LIGHTING AND POWER DISTRIBUTION: An Elementary 

Maaual lor Sindonto. By W. Perren Mayoook. Parte L and II., 2i. 6d. each. 

PRACTICAL ELECTRIC LIGHT FITTING. By P. C. Allaop. Ss. 
ELECTRIC LIGHTING FOR MARINE ENGINEERS. By S. F.Walker. 58. 
COLLIERY LIGHTING BY ELECTRICITY. By S. F. Walker. 28. 6d. 
ELECTRICITY IN OUR HOMES AND WORKSHOPS. By S. F. Walker. 

Second Edition. Cloth, 6a. 

HOUSE LIGHTING BY ELECTEICrrY, Popularly Explained. By Angeb 

lUiie. Paper, la. ; cloth, 2a. 

DOMESTIC ELECTRIC LIGHTING. By E. C. de Segondo. Is. 

A GUIDE TO ELECTRIC LIGHTING. By S. Bottone. Second Edition. Is. 

A PRACTICAL TREATISE ON THE INCANDESCENT LAMP. By J. H. 

ItonddL ^i.6d. 

CONTINENTAL ELECTRIC LIGHT CENTRAL STATIONS. By Killingworth 

Hedgea. 16a. 

ELECTRIC LIGHTING FROM CENTRAL STATIONS. By Prof. Geoi^ 

Forbea. It. 

ARTIFICIAL LIGHTING IN RELATION TO HEALTH. By R. E. R 

Crompton. .6A. 

ELECTRIC LIQHnNG SPECIFICATIONS. By E. A. MerriU. Cs. 
ELECTROMOTORS : How Made and How Used. By S. R. Bottone. Second 

Edition. 8a. 

ELECTRIC MOTOR CONSTRUCTION FOR AMATEURS. By lient. C. D. 

Pnkhnnt, S.A. U. 
TRANSFORMERS: Their Theory, Constraction, and Application, Simplified 

BrCujrlD. HMkjnw. M-Cd. 

ELECTRIC TRANSMISSION OF ENERGY, and its Transformation, Sub- 

diTldon ind DbMbntion. By OtotMrt K«pp. ThlidBdiUon. 7i.ed. 

ELECTRIC TRANSMISSION OF POWER. By Philip Atkinson. 7b. 6d. 
ELECTRIC RAILWAYS, RECENT PROGRESS IN. By Carl Hering. 5& 
THE ELECTRIC RAILWAY. By Fred. H. Whipple. With iUastrationB, 4b. 6d. 
PRACTICAL ELECTRICAL NOTES AND DEFINITIONS, for the U8e of 

Engineering Stadenta and Practical Men. By W. Penen Majroock. Second Edition. 8a. 

LES ACCUMULATEURS lIlLECTRIQUES. By A. Bandsept. 103 pages. 28. 
INDUCTEURS DYNAMatSliECTRIQUES ET PYRa:6LECTRIQUES. By 

▲. Bandaept 6d. 

TRAITS DES PILES ^LECTRIQUES; Piles hydro-^lectriques— Accumula- 

tenn— Flies thermo-^lectriquea et pyro-^Iectriquea. By Donato Tommaai, Bboteiir-^a-ScienoeB. 8to., 
670 paget, with 160 illnstrationB. lOt. 

TRAIT* feiMENTAIRE DE LA PILE ^LECTRIQUE. By Alfred Niaudet 

Third Edition. Bevised by Hippolyte Fontaine, and followed by a Notice on Accmnnlatora by K Hob- 
pitalier. lUnaCrated, 8vo, 6b. 6d. 

ifeCLAIRAGE A L'ELECTRICrrife. By Hippolyte Fontaine. Third Edition, 

entirely re-written, with 826 illuatrationa, 8to, IBs. 

DIE DYNAMOELEKTRISCHE MASCHINE: EINE PHYSIKALISCHE 

BESGKBEIBUNG FUB DEN TSCHNISCHEN OEBBAUCH. By Dr. O. FrOUch. With mnatrathmi 
Large 8vo, 88. 

DIE ELEKTRKCHE BELEUCHTUNG. By Prof. Dr. E. Hagen. With iflus- 

tratlons, large 8vo. 88.; cloth, 9b. .. 

DIE ACCUMULAtOREN FUR ELEKTRICITAT. By Edmund Hoppe. With 

illnstrationB. 6b. 

UNTERSUCHUNGEN UEBER DIE AUSBREITUNG DER ELEKTRKCHEN 

KBtAFT. By Prof. Dr. H. Hertz. Price 6b. 
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TELEGEAPHY AND TELEPHONY. 

TELEGRAPHY. By W. H. Preece, P.E.S., M.LC.E., and J. Sivewright, M.A., 

C.M.G. Ninth EditioD, revised and enlarged. With 260 woodcuts and diagranu, feap. 8to, ds. 

Handbook op practical telegraphy. By R. S. CuUey, KlnstCE. 

Eighth Editiotf. 17 plates and 1S6 woodcnts, 8to, 16s. 

electrical tables and formula for the use of TELE: 

' GBAFH INSPECXOBS AND OPSRATOSS. Compiled by Latimer Clark and Robert Sabine. With wood 
engravings, crown 8vo, cloth, 12s. 6d. 

THE ELECTEIO TELEGRAPH : ITS HISTORY AND PROGRESS. With 

Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. Limp doth, 3s. 

PRACTICAL GUIDE TO THE TESTING OP INSULATED WIRES AND 

CABI.E8. Br Herbert Laws Webb. 4a. ed. 

COMMERCIAL AND RAILWAY TELEGRAPHY, MODERN SERVICE OF. 

Designed for Students and Operators. Compiled and prepared by J. P. Abemethy. Seventh edition, 
earef ully revised, 427 pages, many iUustrationB, 8s. 6d. Invaluable for students and operators seeking 
appointments in the U nfted States. 

INSTRUCTIONS FOR TESTING TELEGRAPH LINES, and the Technical 

Ainuigemente in Offices. Br Louis Sohwendler. Demy 8to, 21s. 

TABLES TO FIND THE WORKING SPEED OF CABLES, comprising also 

Data as to Diameter, Capacity, and Copper Resistance of all Cores. By A. Dearlove. 2s. 

ON A SURF-BOUND COAST: CABLE-LAYING IN THE AFRICAN 

TBOPICS. By Arthnr P. Croaoh, B. A. Ts. 6d.; New Edition, Es. 

MODERN PRACTICE OF THE ELECTRIC TELEGRAPH. By Frank L. Pope 

Fourteenth Edition, with numerous wood engravings, 8vo, cloth, 12s. 6d. 

ELECTRICITY AND THE ELECTRIC TELEGRAPH. With numerous iUus 

trations. By George B. Prescott. Sixth Edition, 2 vols., 8vo, cloth, £1. Is. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Revised and re-written by 

E. B. Bright, F.B.A.S. With 140 illustrations, small 8vo, cloth, 2s. 6d. 

ELECTRICITY, MAGNETISM, AND ELECTRIC TELEGRAPHY : A Practical 

Guide and Handbook of General Information for Electrical Students, Operators and Inspectors. By 
Thomas D. Lockwood. Second Edition. 12s. 6d. 

TELEGRAPHIC CONNECTIONS : Embracing Recent Methods in Quadruplex 

Telegraphy. By Charles Thom and W. H. Jones. 7s. 6d. 

RECENT ADVANCES IN TELEGRAPHY. By W. H. Preece. 28. 
MANUAL OF TELEPHONY. By W. H. Preece and A. J. Stuhbs. Over 500 

pages and 834 illustrations. 15s. 

THE TELEPHONE. By W. H. Preece, F.R.S., and J. Maier, Ph.D. With 

no mnitiatioiu, crown 8to, Ua. 6d. 

TELEPHONES : THEIR CONSTRUCTION AND FITTING. By P. C. Allsop. 

168 illustrations. ' 6s. ' 

TELEPHONE LINES AND THEIR PROPERTIES. By Prof . W. J. Hopkins. Gs. 
THE PRACTICAL TELEPHONE HANDBOOK AND GUIDE TO TELE- 

PHONIC EXCHANGE. By Joseph Poole. 8s. 6d. 

THE TELEPHONING OP GREAT CITIES, AND AN ELECTRICAL PARCEL 

EXCHANGE SYSTEM. By A. B. Bennett. Is. 

PHILIPP REIS, INVENTOR OP THE TELEPHONE. A Biographical Sketch 

By Silvanus P. Thompson, B.A., D.Sc. With portrait and wood engravings. Svo, cloth, 7b. 6d. 

TRAITilfc DE TlfeLlfeGRAPHIE SOUS-MARINE By E. Wiinsdhendorff, Ing6nieur 

des TA^graphes, Directeur de Tdl^graphie Militaire. With 400 iUustrations, 8to, 88s. 
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ELECTRO-METALLURGY : PRACTICALLY TREATED. By Alexander Watt, 

F.B.8.S.A. Ninth Edition. 12mo, cloth boards, 4s. 

THE ART OF ELECTRaMETALLURGY, INCLUDING ALL KNOWN Pro- 
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Watt, F.^ V.S.A. Wiitk numeroiu Ulnitnttloiii. Third Edition. Crown 8to, cloth, ta. 

A TREATISE ON ELECTROMETALLURGY. By Walter G. McMfllan. lOs. 6d. 
THE USES OP ELECTROLYSIS IN SURGERY. By W. E. Steavenaon, 

M.D., M.B.C.P. aoth.Si. 

ELECTRaPLATER'S HANDBOOK. By G. R Boimey. 61 Dlustirationfl. 38. 

ELEOTRO-DEPOSITION OP METALS. By G. Langbein. 258. 

TRAITfe THfeORIQUE ET PRATIQUE D'tLECTROCHIMIE. By Donato 

Tomniasi, Doctear-te4!denoM. laige Svo, 1,S00 pagei. 86t. 
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PBAOnOAL ELEGTBIO BELL FITTING. By F. 0. AIlsop. Ss. 6(L 
ELECTRIC BELL CONSTRUCTION. By F. C. AIlsop. 3s. 6d. 
ELECTRIC BELLS, AND ALL ABOUT THEBl By S. R. Bottone. Fonrtii 

XdlUon. Wltti mautom lUnitntloiii, oiowii 8to, Sl 

ELECTRICAL INSTRUMENT MAKING FOR AMATEURS. A PractiMl 

Huidbook. B78.B. BoMoiM, Author of "Tb. Dmuno,"*!!. nmiiitnUoai,rUthXdition,ekitli,li. 

INDUCTION COILS : A Practical Mannal for Amateur CoU Makers. ByG.K 

Bonney. More thmn SOO pages, IsaiUnfltrationi. Si. 

ELECTRIC TOY MAKING, DYNAMO BUILDING AND ELEOTfilC 

HOIOB OONSTBXTCnON TOB AHATBUBS. Br T. O'Conor Slouie, Fb.D. 4i. 8d. 

STANDARD TABLES FOR ELECTRIC WIREMEN. By Charles M.D8TO. 4s.6d. 
ELECTRICAL lEXPERIMENTS. By G. K Bonney. 28. 6cL 
THE PHONOGRAPH : and How to Construct It. By W. Gillett 5s. 
SCIENTIFIO AND TECHNICAL PAPERS of WERNER VON SIEMENS. 

Trtnilated from the Qerman. YoL L, Soientlilc Papers and Addreasee. 14i. VoL II, inpr^antim. 

PERSONAL RECOLLECTIONS OP WERNER YON SIEMENS. Tnuisyed 

by W. C. Coapland. 16e. 

LAW RELATING TO ELECTRIC LIGHTING. ByG.S.Bower and W.Webb. 

Entirely re-written. 8to, 12i. 6d. 

ELECTRICAL TABLES AND MEMORANDA. By Sifaraniis P< Thompwn, 

D.Sc, and Enataoe Thomai. Waiatooat-pooket lise, la. ; poet free. la. Id. ' 

A POCKET-BOOK OP USEFUL PORMULiE AND MEMORANDA FOR Cim 

AKD MECHANICAL ENGINEESS. By Sir O. L. Moleaworth, K.aB. Twenty-aecond Editton, Ob- i 
interleared with ruled paper, 9b. 

THE MECHANICAL ENGINEER'S POCKETBOOK, By D. K Clark. Clotli, 

78. 6d. ; leather, 9b. 

SMTTH^ TABLES AND MEMORANDA, for MechanicB, Engineers, Bailden, 

Contractora, Ac. By Ftancia Smith. Fifth Edition, reyised and enlarged. Waistcoat pocket size, U. 6*1. 

ELECTRICAL ENGINEERING AS A PROFESSION, AND HOW TO 

ENTEA IT. By A. J. Bontham. 4s. 6d. 

AID BOOK TO ENGINEERING ENTERPRISE ABROAD. By Ewiug 

Matheson, M.I.C.E. New edition. 850 pages. £1 Is. 

WIRE : ITS MANUFACTURE AND USES. By J. BucknaU Smith. 78. 6d. 
MODERN MECHANISM, exhibiting the latest Progress in Machines, Motors and 

the Transmission of Power. Edited by Park Benjamin, LL.B., Fh.D. SOs. 

ELEMENTARY MECHANICS. By Oliver J. Lodge, D.Sc. Lond. Bevised 

Edition, 108 iMgM. Cloth, Si. 

LIVES OP THE ELECTRICIANS. First Series : Profs. TYNDALL, WHEAT 

STONB Ain> U0B8B. B7 William T. Jmiu. Crown Sto, oloth, <■. 

THE JOURNAL OP THE INSTITUTION OF ELECTRICAL ENGINEEES 

(foimailrtheSode^of Telegnph-BngineenandEleotilciani), bmud »t in^pilu intemli. 

LIGHTNING CONDUCTORS AND LIGHTNING GUAEDS. By Prof. Olinr 

J Lodge, D.Sc, Ac. With nnmerous illustrations. 16s. 
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LIGHTNING CONDUCTOES: THEIR HISTORY, NATURE, AND MODE 

OFAFPUCATION. Bf BiolMTd Andenon, F.ca.V.O.S. Cloth, 8vo, 12b. 6d. '<*> 

POPULAR LECTURES AND ADDRESSES ON VARIOUS Stj^feTECTS IN 

PBYSICAL SCIEirCE. By Sir wmiam Thomaon (tord Eelvln). In thne Tola., 7a. Od. each. 

PRACTICAL PHYSICS. By R. T. Glazebrook and W. N. Shaw. ffs. 
MANUAL OF PHYSICS. By William Peddle, F.R.S.E. 7s. 6d. 
EXAMPLES IN PHYSICS. By D. E. Jones, B.Sc., Professor of Physics in 

the Uniyenity College of Wale«, Abeiystwith. Fcap. 8vo, 88. 6d. 

ROMANCE OF ELECTRICITY. By John Munro. Crown 8vo, 5s. 
EXPERIMENTAL SCIENCE. By G. M. Hopkins. 680 engravings. Cloth, IBs. 
ABO FIVE-FIGURE LOGARITHMS ; OR, LOGARITHMS WIIH DIFFER- 

ENOES ON A NEW AND SIMPLE PI.AN. B]r C. 3. Woodward, B.SO. Cloth, 2a. 6d. 

DICTIONARY OF METRIC AND OTHER USEFUL MEASURES. By 

Latimer Clsrk, F.B.B., tm. Crown 8to, 6a. 

THE MECHANICS OP MACHINERY. By Prof. A. B. W. Kennedy. 12s. 6d. 
MACHINE DRAWING AND DESIGN. By Prof. William Ripper. In one 

Vol., 268. ; or iB five parte, 48. 6d. each. 

AN INTRODUCTION TO MACHINE DRAWING AND DESIGN. By David 

Allan Low (WUtworih Scholar). With 66 Illustrations and diagrams, crown 8yo, 2s. 

MANUAL OF MACHINE DRAWING AND DESIGN, By David Allan Low 

and Alfred Wm. Bevls. 7a. 6d. 

FIRST COURSE IN MACHINE DRAWING (Tracing). Pakt IL, Eleotei- 

CAL ENGlNXBRiNa. By G. Halliday. 2s. 6d. 

THE MECHANIC'S WORKSHOP HANDYBOOK: A Practical Manual on 

Mechanical Manipnlation. By Paul N. Hasluck, A.I.M.E. Crown 8to, cloth 28. 

HYDRAULIC MOTORS : Turbines and Pressure Engines. By G. R, Bodmer, 

As80C.M.Inst.C.E. With 179 illustrations. 148. 

BARLOW'S TABLES OP SQUARES, CUBES, SQUARE ROOTS, CUBE 

£OOTS. Beciprocals of all Integer Numbers up to 10,000. Post 8vo, cloth, 68. 

DICTIONARY OP CHEMISTRY (Watts'). Revised and entirely rewritten by 

H. Forster Morley, M.A., D.Sc., and M. M. Pattison Muir, M.A., F.K.S.E., assisted by eminent contribu- 
tors. 4 vols., 8vo, 42s. each. 

A DICTIONARY OF APPLIED CHEMISTRY. By T. E. Thorpe, assisted 

by Eminent Contributors. Vols. I. and n., £2. 2s. each ; Vol. III. £3. 8s. 

A TREATISE ON CHEMICAL PHYSICS. By Professors T. E. Thorpe and 

and A. W. Bucker. In preparatum, 

PRACTICAL CHEMISTRY, INCLUDING ANALYSIS. By J. E. Bowman and 

Prof. C. L. Blozam. Eighth Edition. With 90 engravings, fcap. Svo, 68. 6d. 

CHEMISTRY. By T. Bolas, P.C.S., P.LC. In proration. 

CHEMICAL THEORY POR BEGINNERS. By L. Dobbin, Ph.D., and J. 

Walker,. Ph.D., D.Sc. 2s. 6d. 

METAL TURNING. By a Poreman Pattem-maker, With 81 illustrations. 4s. 
ALUMINIUM : Its History, Occurrence, Properties, Metallurgy, and Applications, 

including ite Alloys. By J. W. Bichards. Second Edition. 611 pages, £1. Is. 

SPINNING TOPS. By Prof. J. Perry. 2s. 6d. 

SOAP BUBBLES, and the Forces which Mould Them. By C. V. Boys, 2s. 6d. 

THE GRAPHIC ATLAS AND GAZETTEER OF THE WORLD. 128 Map 

Plates and Gazetteer of 280 pages. Grown 4to, cloth, 12s. 6d ; half -morocco, 15s.; full morocco, 218. 

HISTOIRE D'UN INVENTEUR: Expose des Decouvertes et des Travaux de 

NL Oustare Trouy^. By Georges Barral. Witii portrait of M. Trouv^ and 280 illustrations. 

MlfeCANIQUE MOLlfcCULAIRE. By A. Bandsept. Is. 6d. 
MANUEL D'ELECTROLOGIE MlfcDICALR By Gustave Trouv^. 7s. 
PRODUCTION ET UTILISATION RATIONNELLES DE LA CHALEUR 

INTENSIVE. By A. Bandsept. 2s. 6d. 
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